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The Early Days of Television 


This paper describes the beginnings of television, both in the U.S.A. and abroad. 
Once there had been formulated the desire to transmit pictorial intelligence, in- 
cluding motion, from one point to another, many ingenious attempts to solve the 
technical problems were proposed. The paper describes a number of the more 
significant early steps and points out that although they were broadly successful 
in obtaining the primary objective of ‘‘seeing at a distance,’’ they were limited as to 
the amount of pictorial matter that could be transmitted. 


BEINGS, as well as the so- 
called lower animals, have long had 
the desire to see what is going on at 
places beyond their normal range of 
vision. It takes no Sherlock Holmes to 
deduce that when a dog stops running 
after something and sits up on_ his 
haunches, peering ahead attentively, he 
is impelled by some urge to see more 
than he could have seen if he had kept his 
forefeet on the ground. This same urge 
for expanded vision had certainly been 
felt by others than our canine friends. 
Maybe it explains why the giraffe and 
the ostrich grew long necks. However, 
except perhaps for the development of 
an erect posture, the human species seems 
to have attempted to extend its range of 
vision without falling back on biology or 
physical evolution. In order “‘to get 
a better view” of something or other, we 
first climbed trees. I have not been able 
to fix the earliest date when humans 
decided that they would prefer them- 
selves to see what was going on beyond 
their normal limits of visual observation, 
rather than to be told about it by some- 
one else. I suspect that our species made 
that decision a long time ago. Perhaps 
it has come down to us from Adam and 
Eve. 

The first suggestions that machinery 
could be built to accomplish the miracle 
of seeing what was happening somewhere 
else were made many _ years later. 
Probably the first contribution to the 
solution was purely optical, coming into 
being with the invention of the equivalent 
of field glasses, about 1600 A.D. It 
had long been known that if a man stood 
on a mountain and looked into a valley 
or to another nearby mountain, he could 
see more of what was going on there 
than if he had stayed home. He could 
see large objects or mass movements, 
but he could not see much detail. So 
the optical experts came up with the 
ancient telescope, which supplemented 
the lenses of the observer’s own eyes. 
With such an optical aid, he could see 
more detail, but only in a restricted 
field. Still he was unable to look around 
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a corner, unless he could persuade some- 
body to set up a mirror at the strategic 
time and place. 

This human desire to see what was 
going on somewhere beyond the range 
of normal vision, and even around 
corners, led to our modern science 
vf television. The first machines that 
carried us forward to television were 
probably those described by Bain in 1842 
and by Bakewell in 1847. These in- 
ventors proposed schemes for the elec- 
trical transmission of still pictures from 
one point to another. Their systems 
provided for “‘seeing at a distance’ or 
“seeing by electricity” in a limited sense, 
for they transmitted visual information 
over a telegraph line which could extend 
for a considerable distance and could go 
around almost any number of corners. 
However, the machines could handle 
only one view at a time and very slowly 
at that. Therefore, they could not re- 
produce motion, which is an essential 
part of complete vision. Bain and Bake- 
well laid the foundation for the modern 
facsimile transmission of text and _pic- 
tures, and they introduced the process of 
synchronous sequential scanning which 
is now used in both facsimile and tele- 
vision, but their mechanical _light- 
sensing devices were too crude to stimu- 
late much thinking directed toward the 
electrical transmission of scenes involving 
motion. 

It was in 1873 that a British telegraph 
operator named May discovered that the 
chemical element selenium had _ the 
curious property of responding to” light 
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by changing its electrical resistance. 
This discovery was put before the en- 
gineering public by Willoughby Smith. 
Almost immediately thereafter, sugges- 
tions as to how it might be possible to 
“see by electricity’ began to crop up 
thick and fast. 

The first electric television system was 
proposed only two years later, in 1875, 
by George R. Carey of Boston, Mass. 
This system was in many ways analogous 
to the human eye. Carey planned to 
build a transmitter comprising a mosaic 
of light-sensitive selenium cells and a 
receiver consisting of a similar bank or 
mosaic of electric lights. It is worth 
while to examine the principle of such a 
system, for, so far as I have been able to 
find, it offers the earliest plan that would 
transmit to a distant point not merely the 
form of a visible object, but also its 
motion. 

One way in which such a system might 
operate is illustrated in Figs. 1 and 2. 
Figure 1 shows an elementary circuit that 
would meet Carey’s requirements. The 
transmitter is shown at the left and the 
receiver at the right. If the selenium 
cell at the transmitter is in darkness, its 
electricai resistance is very high and the 
current from battery B, flowing through 
the line wire and returning through the 
ground connections E, and E, is in- 
sufficient to operate the relay at the 
receiver. Consequently the conditions 
are as illustrated in Fig. 1, and the lamp 
at the receiver is not turned on. Thus 
we have both transmitter and receiver 
in the dark or “black” situation. But if 
the selenium cell at the transmitter is 
illuminated by a bright light, its resist- 
ance falls, the current from By, increases 
and the relay at the receiver operates to 
close its contacts and to light the receiver 
lamp with current from battery By. This 
represents the lighted or “white’’ situa- 
tion. It is a very elementary type of 
television, but an observer at the re- 


Receiver 
a Lamp 
Relay 
=E, 
Figure 1 


November 1954 Journal ofthe SMPTE Vol. 63 169 


7 
4 
i 


ceiver would know whether or not the 
selenium cell at the distant transmitter 
was illuminated. That information he 
could not have without the help of a 
system such as is shown in Fig. 1. 

Carey proposed to send, from a trans- 
mitter to a distant point, much more in- 
formation than the equipment shown in 
Fig. 1 could deliver. Figure 2 shows 
how he planned to accomplish that re- 
sult. 

Imagine the sending mechanism to 
consist of 100 light-sensitive cells, ar- 
ranged in 10 rows of 10 cells each. The 
receiver comprises 100 small electric 
lights, also arranged in a square with 10 
lights on a side. Cell 1, at the upper 
left corner of the sending mosaic will be 
connected by wire 1 with light 1, at the 
corresponding upper-left corner of the 
receiving mosaic. Cell 2 of the sender 
will be similarly connected by wire 2 to 
control light 2 at the receiver. Each 
of the remaining 98 cells will be con- 
nected by a separate wire to that one of 
the remaining 98 receiver lights which 
corresponds with its position in the bank. 
Thus 100 wires must be run from sender 
to receiver, plus a wire or ground com- 
mon return circuit, such as from E, to E;, 
and there must be connected into the 
system an on-off relay for each lamp 
together with the required sources of 
electrical power. In Fig. 2, I have 
omitted the relays and the battery B, 
for lighting the receiver lamps. Except 
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Figure 2 


for the 100-wire cable and the 100 
relays, the system is not very com- 
plicated. 

But how does it work? Well, if the 
sending mosaic is in darkness, all the 
lamps at the receiver will be turned off, 
and the screen will be dark. If the 
sending mosaic is completely illuminated, 
al! the receiver lamps will be turned on 
and the whole screen area will be brightly 
lighted. In either of these simple 
cases the receiver gives a true picture of 
what the sending mosaic sees, that is, 
either no light or full light. It will also 
give a true picture of any object inserted 
between the light source and the pickup 
mosaic at the sender, within the limits 
of definition imposed by our assumption 
that the entire picture contains only 100 
elements. Suppose that at the trans- 
mitting station we hold a rod horizontally 
across the middle of the mosaic, and that 
the thickness of that rod is such that it 
will shadow the two middle rows of light- 
sensitive cells. Light will thus be cut 
off from cells 51-60 and 61-70, and the 
corresponding lights at the receiver will 
go out. Thus any one looking at the 
receiver mosaic will see a horizontal 
black bar in the middle of the screen, 
which is a true picture of what we have 
shown to the transmitter. If the rod is 
held vertically in midscreen, cells 5-6, 
15-16, 25-26 ... 95-96 will be shadowed 
and the corresponding lights at the 
receiver will be extinguished. Thus an 
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observer would see a centrally located 
vertical black bar, which again is a true 
picture of what was presented to the 
transmitter. It is not hard to appreciate 
that this crude system has the capacity of 
presenting at a distance, by electrical 
means, a visual image of the form of any 
object shown to the transmitter. If one 
desires to transmit pictures of more com- 
plicated subjects than rods, rectangles, 
alphabetical characters and so forth, it is 
only necessary to increase the resolving 
power of the system by adding light- 
sensitive cells at the pickup, together 
with corresponding wire-lines, relays and 
receiver-lights. 

Perhaps I should insert here a word of 
warning as to this apparently simple 
way of increasing resolution by adding 
elements. We have been considering a 
10 X 10 system, having 100 picture 
elements. The human eye uses a 
mosaic having millions of elements, so 
that a Carey television system which 
would convey as much visual information 
as the eye delivers to the brain would be 
many thousand times as complex as that 
shown in Fig. 2. 

This multichannel] television system is 
also capable of transmitting moving 
images, within the technical limitations 
of resolution and speed which are in- 
herent in the equipment available at any 
particular date. It is not hard to see 
how motion can be reproduced at a 
distant point. Let us again imagine 
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the fully illuminated transmitting mosaic 
and, therefore, the fully lighted receiving 
screen. Let us take the same rod, held 
horizontally above the transmitter cell- 
bank. Let us move the rod downward, 
so that first its shadow blacks out cells 
1-10 and (at the receiver) lamps 1-10. 
Moving the rod a little further down- 
ward blacks out cells and lamps 11-20 
also, and the receiving observer sees the 
full-width image of the rod at the top of 
his screen. As we continue to move the 
horizontal rod downward, the shadow 
leaves cells 1-10 and covers cells 21-30. 
So, at the receiver, the black band has 
moved down one step. This con- 
tinues row by row until the rod has 
moved so far down that it no longer 
shadows the lowest row of cells (91-100). 
If the speed of downward movement of 
the rod does not overtax the frequency 
response of the light-sensitive cells at 
the transmitter, and- of the relays and 
the lights available for the receiver, a 
distant picture showing the form and 
movement of the original scene will be 
created. That is television. 

But of course it is television of a very 
crude type, and of little practical value. 
We may doubt the possibility of finding 
selenium cells that would turn lamps off 
or on, and we may point out that the 
selenium cell is so sluggish in operation 
that only very slow motion could be 
picked up and transmitted to the re- 
ceiver. The basic defect of the system, 
however, is that a separate communica- 
tion channel is required for each picture 
element to be transmitted. In the ex- 
ample that we have considered, the 
picture was divided into 100 elements, 
which would suffice to handle only the 
simplest images. Yet 100 wire circuits 
were required. To pick up and re- 
produce scenes having sufficient detail 
to tell even a simple story would call for 
a’mosaic having at least 50 cells on a side, 
or a total of 2500. Such a system would 
require at least 2500 individual circuits 
from sender to receiver, and yet would 
convey very little pictorial information as 
judged by today’s standards. When 
Shefford Bidwell much later considered 
Carey’s simultaneous system, about 1908, 
he assumed that 90,000 circuits would be 
necessary to handle an adequate picture. 
I do not need to emphasize the imprac- 
ticability of providing so many individual 
circuits from the transmitter to each re- 
ceiver. 

The scientists of the 1880 decade 
appear to have recognized the necessity 
of finding some way to obviate the need 
for using a separate channel to represent 
each picture element. Bain and Bake- 
well, nearly forty years earlier, had 
introduced the scanning idea of looking 
at a picture point by point and printing 
a copy of it, point by point, at a distant 
receiver. Faraday, even earlier, had 
indicated that if a series of time-spaced 
progressive still pictures could be rapidly 


presented to the eye of a human observer 
the series of still pictures would be 
blended together because of the eye’s 
‘persistence of vision,” and a realistic 
illusion of motion would result. If these 
two principles could be combined, so that 
ten or more completely scanned pictures 
could be transmitted per second, over 
a single channel, and could be displayed 
by a receiver, the multichannels of the 
simultaneous system would no longer be 
required. Carey later proposed the 
idea of moving the transmitting selenium 
cell in a spiral path, so examining the 
original image from point to point, but 
apparently he had in mind only a re- 
ceiver that would print a simple picture 
on paper. Thus his concept seems to 
have been more nearly related to what we 
now call facsimile than to television. 
The same is true of the linear-scanning 
system constructed by Bidwell in 1881. 

Looking back from today, it appears 
that Paul Nipkow was the first man to 
realize that television could be accom- 
plished over a single channel by optically 
scanning the original scene, point by 
point, and fast enough to take advantage 
of human persistence of vision. About 
1884 Nipkow explained that an image 
could be progressively scanned, point by 
point and line by line, if it were pro- 
jected upon or viewed through the outer 
area of a large rotating disk having a 
number of small holes in spiral arrange- 
ment. Because the principles suggested 
by Nipkow were found useful in the 
first practical television operations and 
because his idea of progressive linear 
optical scanning is the basis of today’s 
television, we should examine his 1884 
proposal in some detail. 

Figure 3 shows a portion of a scanning 
disk such as Nipkow described. The 
area to be scanned has the vertical 
dimension A and the horizontal dimen- 
sion B. If we assume the conventional 
motion-picture aspect ratio of 4:3, A 
may be } in. and B 1 in. Figure 3 
shows the first and the last five holes in 
the disk, the holes being marked 1 to 5 
on the left and 56 to 60 on the right. 
Since there are 60 of these holes equally 
spaced about the 360° comprising the 
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circumference of the disk, the angle @ 
must be 1/60 of 360°, or 6°. The radial 
center-to-center spacing of successive 
holes, indicated as X, must be 1/60 of } in. 
(dimension A), or 0.0125 in. The 
diameter of each hole may be something 
over this figure, perhaps 1/50 of an inch. 
To get 60 holes one inch apart around the 
outer portion of the disk, it must have 
been a circumference of something over 
60 in. or a diameter of about 20 in. 
Finally, the disk must be rotated at a 
speed that will scan the picture area at 
the rate desired. If the image is to be 
completely scanned in 1/20 sec, the disk 
must revolve at 1200 rpm. 

Now let us see how such a scanning 
disk may be used in a television trans- 
mitter. Nipkow planned to project the 
scene upon the area A by B shown in 
Fig. 3. On the other side of the 
disk there was to be a selenium cell, the 
electrical output of that cell being de- 
livered to the receiver over a single 
circuit. That cell had to look at each 
element of the picture to be transmitted 
and to translate its light value into a 
proportional current. As hole number 
one swept across the top line of the scene, 
the amount of light passing through the 
hole and, therefore, the electrical output 
of the selenium cell varied in accordance 
with the picture density, from element 
to element. When the scanning of the 
first line was completed, the second hole 
of the disk began to pass across the image 
and to scan the second line, a little below 
the first. Thus successive lines from the 
first (at the top) to the last (at the 
bottom) were scanned, and the selenium 
cell passed a series of current values 
corresponding to the density of all of the 
elements in the picture area, one after 
another. 

This process of scanning successive 
points of the picture, one at a time and 
one after another, is quite different from 
the operation of the simultaneous mosaic 
system that I first described. The 
simultaneous system required a separate 
communication channel or wire, from 
sender to receiver, for each picture 
element. The scanning system requires 
only a single connecting channel, be- 
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cause the signals representing elemental 
picture brilliance are transmitted over 
that channel in a time series, one after 
another. But its use puts a_ heavy 
burden on the equipment in terms of 
frequency response to light variations, 
because, if motion is to be shown by 
relying upon persistence of vision, vary- 
ing current corresponding to all of the 
picture elements of the image must be 
transmitted in less than 1/10 of a second. 

How did Nipkow propose to make 
visible his single-channel transmission 
of a changing secene, at a distant re- 
ceiving location? He showed that all 
one needed was a light source whose 
brilliance could be controlled by the 
arriving signals, plus a viewing disk 
which was substantially a duplicate of the 
scanning disk used at the transmitter, 
plus some way of keeping the sending 
disk and the receiving disk revolving at 
exactly the same speed and in the same 
phase. The light source at the receiver 
was to illuminate the picture area A X B 
on one side of the receiving disk, and the 
viewer was to look at the light source 
through the holes in the disk. Thus he 
would see only one element of the scene 
ata time. If the sending and receiving 
disks were rotated at the same speed and 
in the same phase, the particular picture 
element seen by the receiving observer 
at any particular instant would have the 
same position in the picture field as the 
element being projected upon the trans- 
mitter’s selenium cell at the same instant. 
If a picture element being scanned at 
the transmitter was bright or brilliantly 
lighted, the selenium cell would let 
through enough current to light the lamp 
at the receiver, and the observer would 
see a pinpoint of light through the hole in 
the receiving disk at the appropriate 
position in the picture field. Similarly, 
if the element being scanned was dark, 
the selenium cell would not pass enough 
current to light the receiving lamp, 
and that particular spot of the area being 
viewed at the receiver would appear 
black to the observer. Thus the entire 
picture was to be analyzed point by 
point and line by line at the transmitter 
and to be simultaneously synthesized, 
point by point and line by line at the 
receiver. All of the picture elements in 
the picture were to be successively 
scanned so rapidly that the human eye 
would retain its impression of the bril- 
liance of the first element, in the upper 
lefthand corner of the scene, until the 
brightness of the last element, in the 
righthand corner, been 
transmitted. Thus the observer would 
appear to see a complete picture al- 
though he was actually viewing only one 
element at a time, 

Carey and Nipkow were not the only 
inventors to propose electrical television 
systems in what we may Call the specula- 
tive period from say 1875 to 1890. 
Senlecq, in France, Ayrton, Perry and 
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Bidwell in England, and Bell in the 
United States were among those who 
suggested various types of equipment 
that might have been used for television. 
Senlecq’s 1880 scheme was of particular 
interest, for his transmitter comprised a 
bank of small selenium cells, iike Carey’s, 
and his receiver a similar bank of in- 
candescing platinum wires. However, 
he did not plan to connect each cell to its 
corresponding lamp by means of a 
separate line wire. Instead, he ad- 
vanced the idea of using synchronous 
distributors at sender and receiver to 
connect a single line wire successively 
to each selenium cell and to the corre- 
sponding lamp. Here we have a scan- 
ning system of an electrical, rather than 
an optical, nature, 

None of these workers in the “specula- 
tive period” produced and demon- 
strated a working television system. So 
far as I know, nobody developed hard- 
ware that could effectively meet the 
practical requirements of these early 
television systems until the twentieth 
century was well on its way. But all of 
us should remember that many, if not 
most, of the basic principles of today’s 
television had been thought of some 
sixty to eighty years ago. That early 
thinking was highly creditable and 
constructive, and vastly more important 
than mere intellectual exercise. 

Why did not these inventors produce 
working television systems? Well, what 
would we do in television today if we 
were limited to the slow and weak 
response of the selenium cell, as com- 
pared to the rapid action and high 
sensitiveness of the modern photocell? 
What would we do if we had no vacuum- 
tube amplifier? What would we do if 
we had no light source whose brilliance 
could be easily and rapidly controlled by 
varying the applied voltage? Before 
1900 not even one of those essential 
elements was available. But soon there- 
after they began to appear, at first in un- 
developed and unsatisfactory but never- 
theless promising forms, and in the first 
two decades of the twentieth century 
all of them became practical. By 1913 
Elster and Geitel had produced the fast 
and sensitive potassium hydride photo- 
electric cell, and de Forest had succeeded 
in making the grid audion work as an 
audio-frequency amplifier. Thus two 
essential tools for practical television 
came on the horizon. The third need 
was a light source which could be rapidly 
controlled in brilliance by a varying 
electric current. A number of magnetic 
shutter or light-valve schemes were 
available, at least in theory, but the most 
practical solution seems to have been 
provided by D. McFarlan Moore, then 
of the General Electric Co. About 1917 
he produced a negative-glow neon lamp 
which could be electrically modulated in 
brilliance. Working with Jenkins in 
the following years, and using the 
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de Forest amplifier, he developed this 
glow lamp into an operative light source 
for a television receiver. 

It was not until 1925, however, that 
these new tools were well enough under- 
stood and sufficiently available to end 
the hiatus of some thirty years that 
separated the speculative period ending 
about 1890 from what might be called 
the experimental period beginning about 
1920. 

1925 seems to have been the “magic 
year” for the first electrical transmissions 
of moving images from one place to an- 
other. Jenkins in the United States and 
Baird in the United Kingdom are both 
credited with accomplishing such image 
transmission within the first half of that 
year. Historians do not agree as to 
which of these experimenters should be 
recognized as having been in the lead. 
The available records suggest that the 
credit should be more or less equally 
divided between them, for they seem to 
have been running a_ neck-and-neck 
race for a number of years. Sometimes 
one was ahead and sometimes the other 
but together they did a great deal to 
bring television before the public. 
Each of them showed considerable in- 
genuity in applying the newly available 
scientific tools to the practical application 
of the principles that had long be- 
fore been suggested by Nipkow and 
his contemporaries. Both Baird and 
Jenkins adopted the Nipkow  single- 
channel time sequential or scanning 
system rather than the Carey multiple- 
channel simultaneous or mosaic system. 
The validity of their choice has been 
demonstrated by the fact that all tele- 
vision from 1925 to the present day has 
followed their lead in that respect. 
Many of the things that Baird and 
Jenkins accomplished should be recog- 
nized as new and useful, and, therefore, 
as “inventions.” In any event, 1925 saw 
television as a fact and not merely as a 
dream. The experimental period was 
about five years old. 

Once it had been proved that the 
early proposals for electrically seeing at a 
distance could really be implemented (or 
physically ‘“‘reduced to practice”) by 
using the newly available electronic 
tools, television entered an unbroken 
phase of application and improvement. 
From 1925 to the present time there has 
been no hiatus comparable to that which 
occurred between 1890 and 1920. 

That is undoubtedly because after 
1920 the experimenters and _ scientists 
had enough tools available to assure 
them that acceptable television could be 
developed. But what is acceptable 
television? 

Perhaps the best way to answer that 
question is to review what actually 
happened. 

In 1927, two years after the first show- 
ings by Baird and Jenkins, the Bell 
System demonstrated the results of a 


television research that must have been 
begun long before. Bell System en- 
gineers then showed how the Nipkow 
disk, the Elster and Geitel photocell, the 
de Forest amplifier and the Moore glow 
lamp could be used to transmit scenes 
electrically, either by wire or by radio, 
over distances of many miles. To 
attain this result they added new prod- 
ucts of their own ingenuity and “know 
how” to what had been suggested by 
the pioneer thinkers and doers. The 
Bell accomplishments, for which Dr. 
Ives was largely responsible, marked a 
milestone in the progress of television 
and probably did more to show its prac- 
tical utility than had any of the prior 
experiments. The picture was scanned 
in 50 horizontal lines at the rate of 18 
frames/sec, which was adequate for the 
reproduction of easily recognizable full- 
face portraits or of relatively simple 
views. The halftone or photographic- 
transmission was good, so that the system 
was not limited to black-and-white 
silhouettes, and provision was made for 
the delivery of sound along with the 
picture. Thus an observer in New York 
could talk by telephone with another 
person in Washington and, during the 
entire conversation, could see a televised 
image of the distant speaker. For such 
“person to person’ television communi- 
cation the received image on the Nipkow 
disk was viewed through a lens, so that 
the picture appeared to be about 2 X 
2} in. in size. 

To enable a number of viewers to see 
the same received picture, the Bell 
engineers devised a special neon glow 
lamp made up of a gas-filled tube bent 
back and forth to cover an area of some 
five square feet. The arriving picture 
currents were fed to external electrodes 
on this tube by way ofa rotary distributor 
which was driven in synchronism with 
the distant scanning disk. Thus ele- 
mental areas of the display system were 
successively lighted to an_ intensity 
corresponding to the brightness of the 
similarly placed element in the original 


scene. A complete field was scanned in 
about 1/18 sec, and so the observers 
could see the outlines, shading and 
motion of the televised view. 

The next year, 1928, the General 
Electric Co., from Station WGY in 
Schenectady, began the regular radio 
broadcasting of televised pictures accom- 
panied by sound. ‘This work, under the 
guidance of Dr. Alexanderson, led to the 
showing of large-screen projected tele- 
vision pictures. The first broadcasts 
were put on the air three times a week, 
and used 24-line scanning which limited 
the pictorial content to about one- 
quarter of that which characterized the 
Bell System demonstrations. In July of 
the same year, 1928, Jenkins began tele- 
vision broadcasting from his experi- 
mental radio station W3XK near Wash- 
ington, D.C. His pictures were scanned 
at 48 lines/frame and 15 frames/sec. 
Most of his subjects were on film, so 
that he was able to replace the Nipkow 
disk having spirally arranged holes by a 
scanning disk in which the holes or lenses 
were placed circumferentially at a single 
radial distance from the driving shaft. 
Fast or horizontal line scanning was 
accomplished by the sweeping of these 
apertures across the film, but the line-by- 
line advance or slow scanning in the 
vertical dimension was had by continu- 
ously moving the film lengthwise. 

The increasing interest in television 
was shown by the establishment of 
additional picture-broadcasting stations 
in the next few years. In 1929 Baird, 
cooperating with the British Broadcast- 
ing Company, began to send out pictures 
scanned at 30 lines per frame and 12} 
frames,‘sec. That same year several new 
stations went on the air in the United 
States, including W2XBS of the National 
Broadcasting Company and my own 
W2XR. We both used a somewhat 
higher scanning standard, namely 60 
lines/frame and 20 frames/sec. 

If one must choose a date for the end 
of the “the early days of television’ it 
might as well be 1930. By then the 
possibilities of mechanically driven optical 
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scanning systems had been quite 
thoroughly explored, and it had become 
evident that the apparently insatiable 
demand for the electrical transmission of 
more and more picture content could be 
appeased, if not satisfied, only by making 
use of the cathode-ray tube for fast scan- 
ning. The change to today’s all-elec- 
tronic television did not come at a single 
date. There was a large overlapping 
period in which the possibilities of 
cathode-ray tubes were being explored 
and the limits of mechano-optical tele- 
vision systems were being determined. 
In fact, the two concepts were proposed 
for use together in various ways. Rosing 
in 1907, suggested a mirror-drum trans- 
mitter to be used with a cathode-ray 
tube receiver. The Radio Corporation 
of America in 1932 used a _ refined 
mechanical scanner to feed television 
signals to a cathode-ray tube display. 
My own Laboratory worked out a tele- 
vision receiver in which a cathode-ray 
tube was used for the required fast 
scanning but the area or slow-scanning 
presentation was provided by rotating 
concave mirrors, 

In closing, let me apologize for having 
omitted discussion of the early progress 
in connection with the difficulties in- 
volved providing synchronization 
between sender and receiver. Briefly, 
the synchronizing problem was attacked 
by every means from clock work to 
electronic frequency standards, but was 
solved as a practical matter by using the 
same 60-cycle power source to drive the 
motors at the sender and at the receiver. 
The Bell Telephone Laboratories, in 
their 1927 work, used a much more 
elegant but equally practical system. 

I have now carried you, at least in 
thought, from 1875 to 1930. In 1875 
there was suggested a television system 
that could be made to work. In 1930 
there were television pictures on the air, 
available to any one who had a suitable 
receiver. In another paper Mr. Jensen 
will tell you how these broadcast pictures 
have been improved in content and in 
quality over the past 25 years. 
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The Evolution of Modern 
Television 


This paper first describes the gradual transition from mechanical television to the 


present all-electronic television. 


It gives a brief account of the major develop- 


ments leading to the present types of pickup and reproducing equipment, and 
describes the growth of network facilities which has made possible the present wide 
distribution of television programming in the United States. 


| * THIS PAPER modern television im- 
plies the type of television now used for 
commercial broadcasting in the United 
States and elsewhere. This is an all- 
electronic type of television which utilizes 
electronic pickup tubes of one form or 
another at the transmitting end and cath- 
ode-ray tubes for displaying the picture 
at the receiving end. Such a system is in 
contrast to earlier experimental tele- 
vision systems using mechanical-optical 
scanning means both at the transmitting 
end and at the receiving end. These 
earlier types of systems have been de- 
scribed by J. V. L. Hogan in a compan- 
ion paper." 

It is obvious that the transition from 

the earlier mechanical systems to our 
present electronic systems was a very 
gradual one. Roughly speaking, we may 
say that the period before 1930 was that 
of the all-mechanical television system, 
the period from 1930 to 1940 was the 
period of the partially electronic system, 
and the period from 1940 on was that of 
the all-electronic television system. It 
was natural that the comparatively sim- 
ple cathode-ray tube at the receiving end 
should be perfected sooner than the more 
complicated pickup tubes at the trans- 
mitting end, and, up to the middle thir- 
ties, the systems experimented with were 
mostly of a type that utilized mechanical- 
optical scanning means at the transmit- 
ting end but used a cathode-ray tube as 
the display device at the receiving end. 
From 1935 to 1940 the mechanical scan- 
ning means at the transmitting end were 
gradually superseded by steadily im- 
proved electronic camera tubes, but it is 
interesting to note that even as late as 
1939 and 1940 some of the best television 
pictures were produced with transmitting 
equipment using Nipkow discs. This 
was the case here in the United States 
and also in England, Germany and Hol- 
land.* In an art which has developed as 
rapidly and in as revolutionary a way as 
television, it is rather extraordinary that 
this should be the case, considering that 
the Nipkow disc was invented sixty years 
earlier. 
Presented on May 7, 1954, at the Society’s Con- 
vention at Washington, D.C., by A. G. Jensen, 
Bell Telephone Laboratories, Inc., Murray Hill, 
N.J. 
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Early Inventions 

While the experimental development 
of electronic pickup and reproducing 
equipment did not really get started until 
around 1930, it is interesting to note that 
the conception of such devices is quite a 
bit older. 

The earliest experiments with the use 
of a cathode-ray tube as a television re- 
ceiver were probably those of Prof. Max 
Dieckmann in Germany. One is de- 
scribed in a German patent application 
dated September 12, 1906, called “A 
Method for the Transmission of Written 
Material and Line Drawings by Means of 
Cathode Ray Tubes.”’* A description of 
these early experiments and several pic- 
tures of the equipment can be found in a 
recent article in a German magazine 
giving the history of television in Ger- 
many up to 1945.4 Figure 1 is repro- 
duced from this magazine and shows 
Dieckmann’s experimental setup, con- 
sisting of a cathode-ray tube receiver 
adjacent to a Nipkow-type scanner used 
as a transmitter. The cathode-ray tube 
used deflection modulation and magnetic 
deflection for both directions of scanning. 


By A. G. JENSEN 


Due to a particular design of the Nipkow 
disc, the signals obiained from the trans- 
mitter were of a facsimile nature, indi- 
cating either black or white, but no half- 
tones. For this reason it has been 
argued that Dieckmann’s experiments 
were not true television, but rather 
facsimile transmission. The fact re- 
mains, however, that the cathode-ray 
tube receiver by itself did not have this 
limitation and would have been able to 
reproduce half-tones as well as any other 
cathode-ray tube of those early days. 
The equipment shown in Fig. 1 is still in 
existence and is housed in the Deutsches 
Museum. 

Another early description of a cathode- 
ray tube used as a television receiver is 
due to Prof. Boris Rosing, who was a 
lecturer at the Technological Institute at 
St. Petersburg in Russia. Rosing called 
his invention the “electric eye,” and it is 
described in two British patents of 1907 
and 1911° and also in a couple of articles 
in the Scientific American of 1911.8 Figure 
2 is a reproduction of a drawing in 
Rosing’s 1907 patent. The transmitter 
images the object (3) in the plane of the 
photosensitive cell (5), and by means of 
two rotating mirror drums this image is 
moved vertically and horizontally across 
the photosensitive element, which in this 
manner scans the entire picture. The 
receiver is a cathode-ray tube with a 
fluorescent screen (12), a pair of mag- 
netic deflecting coils (14 and 15), and a 


Fig. 1. Earliest experimental model of German cathode-ray 
tube television receiver (Dieckmann, 1906). 
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pair of modulating plates (16). The 
saw-tooth deflecting current for the coils 
is obtained from rheostats mounted on 
the mirror drums and with contacts so 
arranged that the current from the rheo- 
stat varies linearly with the rotation o 
the drums. As the signal from the photo- 
sensitive element (5) on the transmitter 
is impressed on the modulating plates 
(16), it causes the electron beam to be 
deflected away from a hole in a di- 
aphragm (13), thereby changing the 
strength of the beam impinging on the 
fluorescent screen. It must be remem- 
bered that cathode-ray tubes, or Braun 
tubes as they were called in those days, 
did not then have very well focused 
beams, and it is doubtful whether a very 
satisfactory picture could be obtained 
with tubes of that sort. But it is interest- 
ing to note that Rosing employed the 
principle of deflection modulation of the 
electron beam, a principle which was 
later utilized very successfully by Dr. 
C. J. Davisson in a cathode-ray tube 
built in the late 1930’s.. The patent 
descriptions of this system indicate that 
Rosing did some experimental work, but 
there is no record of any successful 
demonstrations. 

A still more startling invention was 
made by A. A. Campbell Swinton in 
1911. Swinton was an_ outstanding 
British consulting engineer, who was 
born in 1863 and died in 1930. He was 
mainly connected with the design and 
development of electric lighting and elec- 
tric traction in England, and was also 
associated with Sir Charles Parsons in 
the development of the steam turbine. 
However, apart from his business, he was 
also keenly interested in the newer de- 
velopments in physics and electronics, 
particularly in the fields of x-rays and 
television. He was a Fellow of the Royal 
Society, and made many experiments 
both in the field of x-rays and in the field 
of radio. Swinton’s invention was trig- 
gered by a letter written by Shelford 
Bidwell to Nature in 1908.’ Bidwell had 
been interested in experiments in tele- 
vision since 1880, and he wrote his letter 
to comment on an earlier letter by 
Armengaud of Paris, in which the author 
stated that he “firmly believes that within 
a year, as a consequence of the advance 
already made by his apparatus, we shall 
be watching one another across distances 
hundreds of miles apart.” 

Armengaud’s television system was 
purely mechanical, and Bidwell takes 
issue with him with respect to the accu- 
racy of synchronization obtainable by 
such a system. Bidwell assumes a picture 
2 in. square and estimates that, to equal 
the definition of a good photograph, such 
a picture would require 160,000 ele- 
ments. With 10 pictures per second this 
would mean 1.6 million synchronizing 
operations per second which, according 
to Bidwell, is “wildly impracticable.” 
Instead of such a system, Bidwell sug- 
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Fig. 2. Boris Rosing’s tele- 
vision system using cathode- 
ray tube receiver (1907). 


gests that one should consider a system 
based on the operation of the human eye, 
that is, a system with a large number of 
individual cells connected by separate 
wires. He estimates that for 90,000 pic- 
ture elements one would require at the 
transmitting end a screen consisting of 
selenium cells and occupying a space 8 ft 
square. This screen would be illumi- 
nated by the object by means of a pro- 
jection lens with a 3-ft aperture. He 
further estimates that the receiver would 
occupy a space of 4000 cu ft, although he 
does not specify what the actual receiving 
element would be. The 90,000-con- 
ductor cable is estimated to have a di- 
ameter of 8 to 10 in. and to cost about 
1} million pounds for 100 mi. (It is 
interesting to note that this cost is at 
least an order of magnitude greater than 
the cost of present-day coaxial cables, 
and this is in spite of the fact that Bid- 
well’s system would require less than one 
megacycle for its transmission, and that 
the pound of 1908 was worth a good deal 
more than it is today.) 

In reply to Bidwell’s letter, Swinton 
wrote as follows®: 


“Distant Electric Vision 
“Referring to Mr. Shelford Bidwell’s 
illuminating communication on this sub- 
ject published in NATURE of June 4, may 
I point out that though, as stated by Mr. 
Bidwell, it is wildly impracticable to effect 
even 160,000 synchronized operations per 
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second* by ordinary mechanical means, 
this part of the problem of obtaining distant 
electric vision can probably be solved by 
the employment of two beams of kathode 
rays (one at the transmitting and one at the 
receiving station) synchronously deflected 
by the varying fields of two electromagnets 
placed at right angles to one another and 
energised by two alternating electric cur- 
rents of widely different frequencies, so that 
the moving extremities of the two beams 
are caused to sweep synchronously over the 
whole of the required surfaces within the 
one-tenth of a second necessary to take 
advantage of visual persistence. 

‘*Indeed, so far as the receiving apparatus 
is concerned, the moving kathode beam has 
only to be arranged to impinge on a suffi- 
ciently sensitive fluorescent screen, and 
given suitable variations in its intensity, to 
obtain the desired result. 

“The real difficulties lie in devising an 
efficient transmitter which, under the influ- 
ence of light and shade, shall sufficiently 
vary the transmitted electric current so as 
to produce the necessary alterations in the 
intensity of the kathode beam of the re- 
ceiver, and further in making this trans- 
mitter sufficiently rapid in its action to 
respond to the 160,000 variations per second 
that are necessary as a minimum. 

“Possibly no electric phenomenon at 
present known will provide what is re- 
quired in this respect, but should something 


* Apparently Swinton lost track of the fact 
that Bidwell suggested 10 pictures per second, 
each with 160,000 elements. The figure there- 
fore should be 1,600,000 operations per second. 
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Fig. 3. Campbell Swinton’s 
system of television using 


cathode-ray tubes as trans- 
mitter and receiver (1911). 
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suitable be discovered, distant electric 
vision will, I think, come within the region 
of possibility.” 


The foresight expressed in this letter is 
truly remarkable when one realizes that 
it was written in the early infancy of 
radio transmission, and at a time when 
the electron tube amplifier had not yet 
been invented and when photoelectric 
equipment was still very inefficient and 
primitive. 

Three years later, Swinton elaborated 
on his suggestion in a_ presidential 
address to the members of the Réntgen 
Society in November 1911.° this 


address he gave a detailed description of 


his proposal and illustrated it with a 
diagram which is reproduced in Fig. 3. 
The figure shows his conception of a 
camera tube involving the use of a mosaik 
screen of photoelectric elements which 
was scanned by an electron beam. The 
signal from the camera tube is impressed 
upon a pair of deflection plates in a 
cathode-ray tube receiver. Just as in 
Rosing’s suggestion, Swinton makes use 
of detlection modulation in the receiving 
tube. Magnetic coils are used both at 
the transmitter and at the receiver for 
detlecting the electron beams, and 
synchronism is insured by using a com- 
mon alternating-current supply for the 
two ends. 

apparently never built a 
complete model of his system but he re- 
mained interested in it and, up to the 
time of his death, talks by him indicated 
that he had made several experiments to 
construct a satisfactory mosaic for the 
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Fig. 4. Zworykin’s earliest form of cathode-ray 
receiving tube (1923). 


transmitter tube. Thus in 1924 he gave 
a lecture before the Radio Society of 
Great Britain entitled “The Possibilities 
of Television.”’!® In this lecture he dealt 
in detail with his earlier suggestion in 
1911 and discussed his latest thoughts on 
the best design of the mosaic plate in the 
transmitting tube. He also pointed out 
that the advent of the electronic amplifier 
and of radio communication had greatly 
enhanced the possibilities of successful 
transmission of television signals. The 
lecture was followed by a lively discus- 
sion and, in his answer to a questioner, 
Swinton concluded as follows: 


‘I wish to say that I agree entirely 
with Mr. Atkinson that the real difficulty in 
regard to this subject is that it is probably 
scarcely worth anybody’s while to pursue 
it. That is what I have felt all along my- 
self. I think you would have to spend some 
years in hard work, and then would the re- 
sult be worth anything finaneially? If 
we could only get one of the big research 
laboratories, like that of the G.E.C. or of 
the Western Electric Company—one of 
those people who have large skilled staffs 
and any amount of money to engage on the 
business—-I believe they would solve a 
thing like this in six months and make a 
reasonable job of it.” 


Here again Swinton shows an uncanny 
ability to foresee the future of television. 
It was indeed by the efforts of the large 
companies that modern-day high-defini- 
tion television was finally developed, 
although it took a good deal longer than 
the six months estimated by him. It is 
to be regretted that he died too soon to 
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witness the practical development of his 
ideas. 


Cathode-Ray Tube Receiver 


The experiments described above ail 
dealt with the earlier types of Braun 
tubes which were only partially evacu- 
ated. They were generally filled with 
argon or some other rare gas with a pres- 
sure of 10~* to 10~4mm of mercury, and it 
was not possible in these tubes to obtain a 
very sharp focus. As the art progressed. 
however, the tubes were gradually im- 
proved, and by the middle 1920's several 
experimenters were working with such 
tubes, both here in the United States and 
abroad. One of the first experimenters 
in this field in the United States was 
Vladimir K. Zworykin, who came to this 
country in 1918 and did his early work 
with the Westinghouse Research Labora- 
tories. In the years around 1910 he had 
been a student under Rosing at St. 
Petersburg and had worked with him in 
the early experiments with Braun tubes 
as television receivers. He continued 
this work here in America, and his first 
patent application describing a complete 
electronic television system was issued in 
1923." Figure 4 shows a picture of the 
cathode-ray receiving tube in the above- 
mentioned patent application. It will be 
noticed that the tube has a cathode (56), 
a modulating grid (54), an anode (57), 
and a fluorescent screen (60). No men- 
tion is made about the vacuum in the 
tube, but in a 1925 patent application a 
somewhat similar tube is described using 
low-pressure argon and it may be 
assumed, therefore, that this first tube 
also was argon-filled and depended on 
the argon for focusing the beam. The 
condenser plates (58 and 59) are used for 
producing electrostatic horizontal deflec- 
tion, while the coils (69 and 70) produce 
magnetic vertical deflection. 

According to Zworykin, the first 
demonstration of an all-electronic system 
using such a cathode-ray tube at the 
receiver and an early form of camera 
pickup tube at the transmitter took place 
in 1924. However, the pictures were 
scarcely more than shadow pictures with 
rather poor definition. It was apparent 
to Zworykin that the biggest problem 
was to produce a satisfactory pickup tube 


Fig. 5. Early Zworykin cathode-ray 
receiving tube (1933). 
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and, in order to achieve better results as 
soon as possible, he reverted for the next 
few years to the use of mechanical scan- 
ning means at the transmitter and con- 
centrated on the design of better cathode- 
ray tubes for the receiver. The first 
published account of these early experi- 
ments will be found in an article in 
Radio Engineering for December 1929.” 
The article describes experiments which 
used a tube with a 7-in. diameter screen. 
It employed a simple form of electro- 
static focusing, grid modulation, and 
both magnetic and electrostatic deflec- 
tion. In this article Zworykin first 
coined the word “kinescope” for the 
receiving tube. 

Around 1930 Zworykin joined the 
RCA Laboratories, and in the years 1931 
and 1932, he and other RCA engineers 
constructed a complete television system 
utilizing a cathode-ray tube at the re- 
ceiver. The transmitter still was me- 
chanical, making use of a Nipkow disc 
for the scanning process, but the receiv- 
ing tube had undergone a great deal of 
development and began to look more like 
present-day cathode-ray tubes. 

This work was described in an article 
in the Proceedings of the I.R.E. for Decem- 
ber 1933," and Fig. 5 shows a cross-sec- 
tional picture of the cathode ray re- 
ceiving tube taken from this article. Fig- 
ure 6 is a diagrammatic view of the 
cathode and the two anodes of this tube, 
and it is obvious from the figure that the 
application of electron optics to proper 
focusing of the electron beam by means 
of electrostatic lenses was by that time 
quite well understood. In order to ob- 
tain such focusing the tube must have 
been of the same high-vacuum type as 
those employed in today’s television re- 
ceivers. The tube face was 9 in. in 


Fig. 7. Early model of Farnsworth cathode-ray 
receiving tube (1931). 


Fig. 6. Construc- 
tional details of 
early Zworykin 
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SECOND ANODE 


cathode-ray re- 
ceiving tube 
(1933), 


OPTICAL EQUIVALENT 


diameter and the tube was 19 in. long. 
Magnetic deflection was used in both 
directions, and the pictures produced 
had 120 lines/frame and 24 frames‘sec. 
Several photographs of such pictures are 
shown in the article mentioned above. 
Another early experimenter with cath- 
ode-ray receiving tubes in this country 
was Philo T. Farnsworth, who did his 
early experimental work in San Fran- 
cisco in the late 1920's and early 1930’s. 
He too was working with an all-elec- 
tronic system using cathode-ray tube de- 
vices both at the receiving and at the 
transmitting ends. The transmitting 
tube was of a different type than that 
conceived by Zworykin, and will be 
described later on. The receiving tube, 
however, was quite similar to the early 
types of receiving tubes used by Zwory- 
kin. The early experimental work by 
Farnsworth is described in articles 
appearing in Wireless World and Tele- 
vision News in 1931. Figure 7 from the 
article in Wireless World shows a picture 
of the cathode-ray receiving tube which 


Farnsworth called an “‘oscillite.’ A 
complete receiver using such a tube is 
shown in Fig. 8. ‘The pictures had 200 
lines frame and 15 frames sec, and 
Farnsworth stated that the bandwidth 
necessary for transmitting such a signal 
should be about 300 ke. Even in these 
earliest tubes, Farnsworth used magnetic 
deflection for both directions. 

Another early experimenter with cath- 
ode-ray tubes for television was Manfred 
von Ardenne in Germany. His work is 
described in several articles in the German 
magazine Fernsehen during 1930 and 
1931.!° As will be discussed later, von 
Ardenne was probably the first to experi- 
ment with a cathode-ray tube as a flying- 
spot scanner at the transmitting end, and 
the experiments described in the above- 
mentioned article utilized this arrange- 
ment at the transmitter. Figure 9 shows 
a photograph of a table model receiver 
as taken from one of these articles, while 
Fig. 10 shows a photograph of a picture 
obtained on such a receiver. ‘The pic- 
tures had 60 lines, frame and about 9000 
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Fig. 8. Early model of American cathode-ray tube 
television receiver (Farnsworth, 1931). 
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Fig. 9. Early model of German cathode-ray tube 
television receiver (von Ardenne, 1930). 


picture points, which would correspond 
to a bandwidth of about 75 kc. Accord- 
ing to von Ardenne, this limitation in 
detail was entirely due to the sending 
arrangement and the receiving tube by 
itself was capable of producing pictures 
with about 20,000 to 30,000 picture ele- 
ments/frame. 

During the next twenty years, the 
early forms of cathode-ray receiving 
tubes described above were steadily 
being developed and improved in a 
number of laboratories and by a number 
of different organizations. Increased 
knowledge and application of electron 
optical principles made it possible to 
design tubes with higher and higher defi- 
nition. By the middle 1930's pictures 
were being shown with as many as 300 
lines/frame. During the 1940's pictures 
were shown with 500 or more lines and, 
at present, tubes can be made which are 
capable of resolving 1000 or more lines. 
At the same time manufacturing methods 
were developed and steadily improved 
to permit the production of larger di- 
ameter tubes. Up to 1940 very few 
tubes with diameters over 10 or 12 in. 
were used, while nowadays television 
receiver tubes are made with diameters 
as large as 30 in. 

As a somewhat unusual phase of this 
development, it might be of interest to 
mention a cathode-ray receiving tube 
designed by C. J. Davisson of the Bell 
Telephone Laboratories for use in the 
first transmission of television signals 
over the coaxial cable from New York to 
Philadelphia in 1937.'® Davisson de- 
signed this tube on the basis of his 
knowledge of electron optics, and at no 
stage would he depart from a design 
which would allow him accurately to 
predict the performance. This accounts 
for the “thin” lenses used in the different 
focusing systems, for the small deflection 
angles employed to insure sharp focus 
all over the screen, and for the extreme 
care with which the deflection-plate 
system was made to avoid either “pin 
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cushion” or “barrel” distortion. It re- 
sulted in a very long tube (about 5 ft), as 
shown in Fig. 11, and an unusually com- 
plex assembly of precision mechanical 
parts, as shown by the diagrammatic 
representation of the tube in Fig. 12. 
It also resulted in an actual performance 
very close to the predicted performance 
and markedly superior to that of other 
television receiving tubes of the same 
period. It is interesting to note that 
Davisson in this tube reverted to the old 
method of deflection modulation in order 
to insure more complete control over the 
size and shape of the spot on the screen. 


Cathode-Ray Tube Flying-Spot Scanner 
The use of the light spot of a cathode- 


ray tube raster as a scanning means for 
scanning lantern slides or motion-picture 
film was first proposed by Zworykin in 
the 1923 patent application mentioned 
above."' Figure 13 shows the proposed 
arrangement in this patent application. 
The light from the scanning raster is 
made to fall on a lantern slide (78), and 
the light passing through the slide is 
focused by the lens (77) onto the photo- 
cell (76). While the optical arrangement 
proposed here is not altogether clear, the 
fundamental idea of obtaining a tele- 
vision signal in this manner is quite 
obvious. 

The first experimenter to put this sug- 
gestion into practice was von Ardenne, 
and his experiments are described in the 
articles already mentioned above.'® The 
general arrangement of the transmitter 
and receiver is shown in Fig. 14, taken 
from the article, and here the optical 
arrangement at the transmitting end is 
quite proper except that an additional 
condensing lens between the lantern 
slide and the photocell amplifier might 
have been advantageous. The frame 
frequency of 25 and the line frequency of 
1500 would indicate that each picture 
consisted of 60 lines. Figure 15, also 
from the same article, shows an experi- 
mental setup of the cathode-ray tube 


Fig. 10. Photograph of early German cathode ray tube 
television picture (von Ardenne, 1931). 


used for scanning motion-picture film, 
and a sample of the pictures obtained 
was shown above in Fig. 10. 

The use of such a cathode-ray tube 
fiving-spot scanner even for live pickup 
was proposed by von Ardenne, as indi- 
cated by Fig. 16 from the same article. 
Here the scanning raster of the tube is 


Fig. 11. 
receiving tube (Bell Telephone Labora- 
tories, 1937). 


Davisson cathode-ray 
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Fig. 12. Constructional details of Davisson cathode-ray receiving tube. 


imaged by means of a lens in the plane 
of the object, in this case the head of a 
person. The light reflected from the 
object is then picked up by photocells 
arranged around the object, and the 
signals from the photocells are amplified 
and sent to the transmitter. 

It appears that for many years follow- 
ing von Ardenne’s experiments no further 
work was done with cathode-ray tubes as 
spot scanners. This probably was due 
to the fact that, as the art progressed 
toward pictures with higher and higher 
definition, the cathode-ray tube became 
inadequate as a spot scanner because of 
the comparatively slow decay in the 
phosphors. For receiving tubes it is 
necessary only that the light decay 
appreciably in the time between succes- 
sive field scans, i.e., in 1/ 60th of a second, 
and phosphors with this order of decay 
time were well known even in the 1930's. 
For spot-scanning tubes, on the other 
hand, it is necessary that the light decay 


Fig. 13. Earliest picture of Zworykin’s 
cathode-ray tube spot scanner (1923). 


appreciably in the time corresponding 
to one picture element. Otherwise the 
afterglow would result in an intolerable 
smearing or blurring of the image. For 
modern high-definition television this 
means that the phosphor decay can be 
only a very small fraction of a micro- 
second, and phosphors of this type were 
not known until around 1940. One of 
the earliest discussions of the requirement 
for spot-scanning phosphors be 
found in an article in a German maga- 
zine in 1939.'7 A description of one of 
the first high-definition lantern slide spot 
scanners used in this country will be 
found in an article in the Proceedings of 
the ILR.E. in 1946.18 This particular spot 
scanner was used for scanning motion- 
picture film, a purpose for which a cath- 
ode-ray tube scanner is particularly well 
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adapted. This problem will be discussed 
in more detail later on under Film Scan- 
ners. Since that time many types of 
cathode-ray tube spot scanners have been 
developed and are now available com- 
mercially. 


Camera Tubes 

Electronic camera pickup tubes may 
be divided into two types. One type is 
the instantaneous or nonstorage type 
tube, as exemplified by the Farnsworth 
dissector tube, while the other is the 
storage type of camera tube, as exempli- 
fied by Zworykin’s iconoscope and prac- 
tically all of the later types of camera tube 
types used today. In the following we 
shall discuss the development of both of 
these types of camera tubes. 
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Fig. 14. Diagram of German proposal for cathode-ray tube spot-scanning 
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Fig. 15. Early German cathode-ray tube film scanner (von Ardenne, 1931). 


A. Dissector Tube 


The dissector tube was developed by 
Farnsworth and was first described by 
him in a patent application dated Janu- 
ary 1927.19 While the fundamental 
principles of the tube are described in 
this patent application, there were still 
several essential improvements to be 
added before the tube would operate 
satisfactorily. These additions were in- 
corporated in several subsequent appli- 
cations, and a complete description of the 
method of operation of the tube was first 
given by Farnsworth in an article in the 
Journal of the Franklin Institute in 1934.*° 

One interesting feature of Farnsworth’s 
earliest patent application is the fact that 
he does not use at the receiver a cathode- 
ray tube as in his later applications and 
as discussed above. Instead he uses a 
Kerr cell for controlling the intensity of a 
polarized light source in accordance with 
the received signal strength, and the 
light beam after leaving the Kerr cell is 
then deflected onto a screen by use of 
two galvanometer mirrors controlled by 
the scanning signals. ‘This is probably 
one of the very few proposals, if not the 
only one, for a television system using 


electronic means at the transmitting end 
and mechanical scanning means at the 
receiving end. 

Figure 17 shows a cross-sectional view 
of the dissector tube as described in the 
1934 article. It consists of a cylindrical 
glass envelope with a plain circular cath- 
ode at the left and an anode enclosed in 
a pencil-shaped shell, called “target,” 
at the right. The end face of the tube 
consists of plane glass of optical quality, 
and through this end plate an optical 
image of the object to be televised is 
formed on the face of the cathode. Since 
the surface of the cathode is photosensi- 
tive, electrons will leave each point of 
this surface in an amount corresponding 
to the illumination in the image at that 
point. These photoelectrons are pulled 
toward the anode by means of a high 
potential applied between the anode and 
the cathode. If no other arrangements 
were made, the electrons leaving any one 
point in the cathode would not all travel 
toward the anode in an axial direction, 
but would fan out in a narrow cone. 
However, by enclosing the entire tube in 
a solenoid and passing a direct current of 
the proper amplitude through this sole- 
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noid, it is possible to pull this cone of 
electrons together again in such a fashion 
that all electrons leaving any one point 
on the cathode will again come together 
in one point of a plane parallel to the 
cathode and located in the plane of the 
target. This focusing action is indicated 
by the curved electron patterns shown in 
Fig. 17. In other words, it is thus possi- 
ble to insure that a complete electron 
image of the scene is reproduced in the 
plane of the target. The target has a 
small aperture facing the cathode and, 
by sweeping the entire electron image 
back and forth and up and down past 
this aperture, the electrons of each ele- 
ment of the image are made to pass suc- 
cessively through this aperture and reach 
the anode inside. ‘That is, by the scan- 
ning of the electron image past the aper- 
ture, the image is “dissected” into its 
elemental areas, and a signal is produced 
which at each instant is proportional to 
the number of electrons entering the 
aperture at that instant, and therefore 
again proportional to the light falling on 
the corresponding point of the cathode at 
that same instant. The tube therefore is 
instantaneous in nature and no storage is 
involved. The sweeping of the electron 
image is effected by means of two sets of 
sweep coils placed at right angles around 
the cylindrical sides of the tube and 
energized by saw-tooth currents of the 
proper frequencies. 

The earliest forms of dissectors built by 
Farnsworth were quite insensitive as com- 
pared with modern type tubes. In order 
to obtain television signals with any 
reasonable signal-to-noise ratio, it was 
necessary that the illumination in the 
optical images formed on the cathode be 
extremely high. ‘This, in turn, meant 
that live pickup from studio scenes was 
out of the question since the required 
image illumination could be obtained 
only from lantern slides with high- 
intensity light sources. In order to 
remedy this situation, Farnsworth there- 
fore replaced the original photocell with 
an electron multiplier capable of multi- 
plying the original photocurrent by 
many orders of magnitude. The de- 
velopment of electron multipliers for 
this and other purposes will be discussed 
later. 


FRAME LINE 
SCANNING SCANNING 


Fig. 16. Early German proposal for live pickup using cathode- Fig. 
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17. Diagrammatic view of Farns- 
dissector camera tube (1934). 
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Fig. 18. Special Farnsworth dissector 
camera tube (Bell Telephone Labora- 
tories, 1945). 


In the late 1930’s dissector tubes with 
electron multipliers were used in tele- 
vision cameras for live pickup and 
demonstrated by Farnsworth, but even 
these later type tubes required studio 
lighting which was uncomfortably in- 
tense and the tubes were never used in 
any commercial television cameras. The 
tube, however, has been used very suc- 
cessfully in many types of motion-picture 
film scanners, although present types of 
commercial film scanners all use storage- 
type tubes. It also has been used and 
still is being used for several applications 
of industrial television, such as the read- 
ing of instruments in inaccessible or 
dangerous locations. It should be men- 
tioned that the great advantage of the 
dissector tube over storage-type tubes is 
that it is completely linear in operation so 
that the output signal is strictly propor- 
tional to the light falling on the cathode. 
This is of particular advantage when 
scanning motion-picture film and was 
the principal reason for the use of the 
dissector tube for this purpose until the 
advent of the short-decay, cathode-ray 
tube flying-spot scanner. 

Figure 18 shows a photograph of a 
special type of dissector tube designed 
for use in an experimental motion-picture 
scanner which was used in the Bell Tele- 
phone Laboratories until quite recently." 
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camera tube (1923). 


B. The Iconoscope 


The storage-type camera tube was in- 
vented by Zworykin and was first de- 
scribed in a patent application dated 
December 29, 1923." Figure 19 shows a 
cross-sectional view of the tube as taken 
from this application. The right end of 
the tube shows the cathode and a cylin- 
drical anode (31), and through this a 
beam of electrons is directed toward the 
target (32). This target has the charac- 
teristic mosaic structure consisting of a 
wire mesh screen (36) facing the cathode, 
a thin insulating layer (34) behind the 
wire screen, and a layer of insulated 
globules of photoelectric material (35) 
deposited on the insulating layer. ‘This 
photoelectric mosaic thus faces the 
camera lens (37). By means of this lens 
the scene to be televised is imaged on the 
mosaic. It will be noticed that both 
electrostatic and electromagnetic deflec- 
tion are used in this type. The tube was 
argon-filled and used gas focusing of the 
beam and, according to the description 
in the patent, this gas also played a part 
in the collection of signal current from 
the mosaic onto the signal grid (39). 
However, the exact nature of this collec- 
tion is not very clear. Tubes of this sort 
were constructed by Zworykin in 1924, 
and Fig. 20 is a photograph of one of 
these early tubes. It was mentioned 
earlier that Zworykin demonstrated the 
use of such a camera tube in an all-elec- 
tronic system using a cathode-ray tube 
at the receiver sometime during 1924, 
but that the pictures were scarcely more 
than shadow pictures with rather poor 
definition. 

After spending the next few years in 
improving the cathode-ray tube at the 


Fig. 19. Earliest diagram of Zworykin’s mosaic-type 


No | 
receiver, Zworykin again took up the 
construction of camera tubes when he 
joined RCA around 1930. A description 
of an early form of iconoscope is given in 
an article by Zworykin in the Proceedings 
of the ILR.E. in 1934,” and Fig. 21 shows 
a cross-section of a tube used in these 
experiments. By this time it had been 
realized that proper focusing of the elec- 
tron beam could be obtained only in a 
high-vacuum tube with proper design 
of focusing electrodes, as described earlier 
in the section on Cathode-Ray Tube 
Receivers. The tube has a signal plate 
consisting of a thin metal plate on which 
is deposited a thin layer of insulating 
material (in modern iconoscopes_ this 
insulating layer consists of a thin sheet of 
mica), and on top of the insulating sheet 
is deposited a mosaic consisting of a 
large number of minute globules of 
photosensitive material. The globules 
are insulated from each other and are 
small enough so that the cross-section of 
the beam covers a large number of glob- 
ules at any one time. 

The method of operation of the icono- 
scope may be described in a somewhat 
simplified form as follows. An object is 
imaged on the mosaic by means of a 
camera lens and, as the globules are 
illuminated by this image, they give off 
photoelectrons which leave the mosaic 
and are collected by a collector electrode 
marked “Pa” in the figure. As _ the 
photoelectrons leave the mosaic, the 
globules are thus charged positive with 
respect to the signal plate, and the 
greater the illumination the more the 
globules are charged and, therefore, the 
higher the potential between the globules 
and the signal plate. This goes on as 


Fig. 20. Earliest experimental model of Zworykin camera tube (1923). 
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Fig. 21. Diagram of earlier model of Zworykin’s iconoscope camera tube (1934). 


long as the target is illuminated and the 
action, therefore, is cumulative. An 
electron beam from the cathode of the 
tube is made to scan over the mosaic in 
the usual manner by means of two sets of 
magnetic coils placed around the neck 
of the tube. As the scanning beam strikes 
the globules on any one point of the 
mosaic, these globules are thereby dis- 
charged and the discharge causes a cor- 
responding pulse of current to flow from 
the signal plate to ground through the 
resistance, R. The varying potential 
across this resistance therefore constitutes 
the television signal. As soon as the 
beam has left a particular spot on the 
mosaic, this spot will again start to 
charge up in accordance with the light 
falling on it and will continue to do so 
until the beam strikes it again during the 
succeeding scan. In other words, energy 
is stored up in the mosaic by the action 
of light on the photoelectric globules, and 
this storage continues during the entire 
period between scans. This storage 
principle makes the iconoscope much 
more sensitive than the dissector tube, 
which depended for its action on the 
photoelectric emission from the cathode 
at any one instant. 

The actual mode of operation of the 
iconoscope is somewhat more compli- 
cated than described above, due to the 


fact that secondary emission takes place 
as the beam scans over the mosaic. The 
potential between the cathode and the 
anode is quite high, of the order of a 
thousand volts or so, and therefore re- 
sults in a high velocity electron beam. As 
this beam strikes the mosaic it releases 
secondary electrons from the mosaic, and 
these secondary electrons are partly 
collected by the collector electrode but 
also partly pulled back onto the mosaic 
in a more or less random manner. Even 
if the mosaic were not illuminated by 
any image, such secondary emission 
would still take place and some of these 
secondary electrons would be pulled 
back to the mosaic and redistributed 
over the surface, thus giving rise to a false 
signal current. These spurious signals 
are called “shading” signals and are 
common to all iconoscope and other high 
velocity beam tubes. Since the second- 
ary electrons are redistributed over the 
mosaic in a rather broad fashion, the 
resulting shading signals are low-fre- 
quency signals of rather simple wave- 
forms, and they may therefore be com- 
pensated for by introducing a corre- 
sponding correcting signal from special 
shading signal generators incorporated 
as part of the camera equipment. A 
photograph of an early iconoscope of the 
type described above is shown in Fig. 22. 


Fig. 22. Early iconoscope camera tube. 


Due to the storage action of the icono- 
scope, this tube theoretically should be 
some 50 to 100 times more sensitive than 
an instantaneous-type tube like the dis- 
sector (assuming that the dissector does 
not incorporate the use of an electron 
multiplier). Actually, the iconoscope is 
only some 5 to 10% efficient due to the 
secondary emission. In the first place, 
the secondary electrons released from the 
mosaic reduce the electric field in front 
of the mosaic and therefore make the 
photoemission of the globules less effi- 
cient; also, the fact that the secondary 
electrons are only partly collected by the 
collector electrode results in lower 
charging potentials of the globules and, 
therefore, in lower signal current. Even 
so, the inconoscope proved to be a much 
more sensitive tube than any tube 
hitherto produced and made it possible 
for the first time to build live pickup 
cameras for studio use with studio 
illuminations that were not too uncom- 
fortable for the actors. 

The number of secondary electrons 
emitted from any part of the mosaic 
depends on the potential of the mosaic at 
the time the electron beam strikes it, and 
this again depends on the amount of 
light falling on the mosaic at that point. 
The result is that the overall action of 
the iconoscope is not linear, that is, the 
output current is not proportional to the 
amount of light falling on the mosaic. 
The relation between illumination on the 
mosaic and signal output current is more 
nearly a square root relation for small 
values of illumination, and for large 
values it soon reaches a saturation 
point, so that increased illumination 
results in only very little increase in 
corresponding signal output, 

For studio use the iconoscope has long 
since been superseded by more modern 
forms of camera tubes, but it is still 
extensively used in motion-picture film 
scanners. The tube shown to the right 
in Fig. 27 is a photograph of a modern- 
type iconoscope for this use. 


C. Image Iconoscope 


The first step towards further improv- 
ing the iconoscope was the so-called 
image iconoscope, which was first de- 
scribed in an article by Iams, Morton 
and Zworykin in the Proceedings of the 
LR.E. in 1939.8 Figure 23 shows a 
cross-sectional diagram of such a tube, as 
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Fig. 23. Diagram of image iconoscope 
camera tube (1939). 
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taken from that article. The tube has a 
semitransparent photocathode on which 
an optical image is formed of the scene 
to be televised. As light falls on the 
photocathode, photoelectrons are emitted 
from this cathode and are pulled towards 
the mosaic at the right by means of a 
high electric potential. Close to the 
photocathode there is, in other words, 
an electron image corresponding to the 
optical image falling on the cathode, 
and by means of an electron lens 
system this electron image is focused in 
the mosaic in the same manner as de- 
scribed earlier for the dissector tube. 
The electron lens system may be either 
magnetic and consist of a coil, as in the 
case of the dissector, or it may be electro- 
static and consist of a series of metal 
rings of proper potential. 

Since the potential between the photo- 
cathode and the mosaic is high, the 
photoelectrons reach the mosaic and 
therefore give rise to the emission of 
secondary electrons from the mosaic. 
Since each incoming electron releases on 
the order of 4 or 5 secondary electrons, 
this in effect results in a charge image 
on the mosaic which is 4 or 5 times higher 
than if no secondary emission took 
place. On top of that, the high field 
between the photocathode and_ the 
mosaic reswits in a more efficient collec- 
tion of current from the photocathode 
than in the case of the iconoscope, where 
the field near the photosensitive mosaic 
was reduced due to secondary emission. 
All in all, this arrangement results in a 
tube which is about ten times more sen- 
sitive than the ordinary iconoscope. 
Figure 24 shows a photograph of an 
image iconoscope for use in a studio 
camera. Tubes of this type were used 
here in the United States during the 
1940’s but were later replaced by the 
image orthicon. However, in England 
tubes of this type are used extensively for 
studio cameras. The English name 
for this type of camera tube is Super 
Emitron. 


D. The Orthicon 


It was mentioned above that the 
iconoscope was only 5 to 10% efficient. 
Due to secondary emission, only a small 
part of the photoelectrons emitted by the 
mosaic are drawn away and only a small 
part of the stored charge is effective in 
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Fig. 25. Diagram of orthicon tube (1939). 


producing a signal. The image icono- 
scope is one attempt to improve this 
efficiency, but another and rather differ- 
ent approach consists in using a low- 
velocity electron beam for scanning. In 
this case it is possible to provide at the 
mosaic a field strong enough to draw 
away all the photoelectrons and, further- 
more, no secondary electrons are emitted 
when the beam reaches the mosaic. 

A tube of this type, called the orthicon, 
was developed at the RCA Laboratories, 
and is described by Rose and Iams in an 
article in RCA Review in 1939.4% Figure 
25 shows a cross-sectional diagram of this 
tube. The tube has a_ storage-type 
mosaic plate similar to that used in an 
iconoscope, and when light falls on this 
plate all the photoelectrons are drawn 
to the collector by means of a sufficiently 
high potential between the collector and 
the mosaic plate. In this case, however, 
the mosaic plate is kept at a potential 
equal to that of the cathode, and when 
the electron beam reaches the signal 
plate it therefore has zero velocity and 
does not release any secondary electrons. 
If the mosaic has been charged up due to 
light falling on it, the electron beam just 
resupplies the electrons that have left 
the mosaic due to photoemission and 
thus brings that part of the mosaic back 
to cathode potential. The remaining 
electrons in the beam thereafter return to 
the collector. The signal thus consists 
of the current pulses flowing in the output 
lead as each successive point of the 
mosaic is being discharged. 
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Fig. 24. Image-iconoscope camera tube (1939), 


Since the electron beam in this tube 
has very low velocity, it would not stay 
sharply focused as it traverses the tube 
unless special precautions were taken. 
These consist in focusing coils arranged 
around the tube in such a manner as to 
produce a strong longitudinal magnetic 
field. ‘This field has the effect of keeping 
the beam concentrated as it traverses the 
tube so that the cross-section of the beam 
at the mosaic is about the same as that 
leaving the gun. In order to avoid blur- 
ring near the edges of the mosaic it is 
further necessary to introduce correcting 
fields which insure that the beam is 
perpendicular to the mosaic over the 
entire surface. One of the great ad- 
vantages of this type of tube is that no 
secondary emission takes place. For 
this reason the tube is nearly linear in 
operation and, furthermore, this also 
results in a complete absence of spurious 
shading signals. ‘Tubes of this sort were 
built and used experimentally in pickup 
cameras. However, the tube was soon 
to be superseded by a still more efficient 
and sensitive tube and therefore never 
came into wide use. 


FE. Image Orthicon 


In the description of the orthicon it was 
mentioned that the electron beam sup- 
plies to each part of the mosaic the elec- 
trons that have been Jost by the electron 
image, and the remaining part of the 
electrons then return to the collector. 
This return beam, therefore, is in effect 
modulated by the signal current and, 
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Fig. 27. Modern vidicon, image-orthicon and iconoscope tube. 


if properly collected, could indeed be 
used as the signal. ‘This is one of the 
principles employed in the image- 


orthicon tube which was developed by 
RCA and first described in an article by 
Rose, Weimer and Law in the Proceedings 
of the I.R.E. in 1946. Figure 26 shows 
a cross-sectional diagram of this tube 
which makes use of electron image 
amplification, as in the image iconoscope, 
of the efficient low-velocity beam, as in 
the orthicon, and of an electron multi- 
plier, as in the later types of dissectors. 
The optical image is formed on a trans- 
parent photocathode placed on the in- 
side of the end glass wall of the tube. 
The electron image emitted from. this 
cathode 
image in the plane of a thin two-sided 
insulating target. Since a high electric 
field exists between the photocathode 
and the target, the photoelectrons strike 
the target with high velocity and give 
rise to the emission of secondary elec- 
trons, with the result that the charge 
image on the target is some 4 or 5 times 
stronger than the electron image leaving 
the photocathode. The other side of the 
target is scanned by a low velocity elec- 
tron beam which discharges points of the 
target as it scans across it, thus resulting 


is focused as a second electron 


in a return beam which is modulated 
with this discharge current. As in the 
orthicon, the electron beam is kept 
focused during its traverse from electron 
gun to target, and the same focusing field 
will therefore keep the return beam 
focused along the same path so that the 
return beam strikes the plate surrounding 
the gun aperture very close to this 
aperture. It strikes these plates with a 
velocity high enough to release secondary 
electrons and, by proper electro- 
static focusing, these secondary elec- 
trons are in turn guided to the first 
dynode of a multistage electron multi- 
plier located behind the gun. By thus 
making use of all the known methods of 
electron magnification it has been pos- 
sible to construct a camera tube which is 
of the order of 100 times more sensitive 
than any previous type of camera tube. 
With tubes of this sort, it is possible to 
make television pictures at very low light 
levels and, in fact, when using television 
cameras with this type of tube it has been 
possible to televise outdoor scenes at 
light levels so low that no satisfactory 
motion picture could obtained. 
When used in the studio this tube pro- 
duces excellent television pictures at 
medium light levels and is now the tube 


most commonly used for all studio 
cameras in the United States. A photo- 
graph of a modern image orthicon is 
shown as the center tube in Fig. 27. 

F. The Vidicon 

One of the earliest discoveries in the 
field of photoelectricity was that of the 
photoconductive properties of selenium. 
Selenium was discovered in the early 
part of the 19th century and was found 
to have a very high electrical resistance. 
In 1873 Willoughby Smith in England 
was making experiments with submarine 
cables and, in connection with those 
tests, he had use for some very high resist- 
ances. He therefore had made up some 
long wires of selenium enclosed in glass 
tubes, with the idea of using these as 
resistance elements. He found, how- 
ever, that he could not obtain constant 
results in his measurements. The results 
varied from day to day for no apparent 
reason and, in an attempt to discover 
the cause of the discrepancies, Smith 
accidentally covered one of the selenium 
wires, excluding the light falling on the 
wire, and he found that it suddenly 
changed its resistance materially. Smith 
published his discovery, which caused 
great excitement and gave rise to many 
of the early proposals for “‘seeing by 
electricity.’ When Swinton tried to 
build a mosaic for his camera tube, 
was selenium he thought about as a 
photoelectric material, and most of the 
other early experimenters thought in 
terms of selenium when translating light 
energy to electrical energy. It is in- 
teresting to note that, in spite of this 
early discovery of the photoconductive 
property of selenium, it was not until 
1950 that a satisfactory photoconductive 
camera tube was built, a tube capable of 
producing the high-definition television 
signal required for modern television. 
It took the technique over half a century 
to catch up with the ideas and visions of 
the early inventors. 

During the late 1940’s the engineers 
at RCA experimented with an RCA 
photoconductive pickup tube, and in 
1950 such a tube was described in an 
article by Weimer, Forgue and Goodrich 
appearing in Electronics® They called 
the tube the vidicon, and Fig. 28 shows 
a cross-sectional diagram of such a tube 
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as taken from the article mentioned. 
The tube uses a low-velocity scanning 
beam similar to that used in the orthicon, 
but instead of the photoemissive surface 
in the orthicon the vidicon uses a photo- 
conductive target deposited on a trans- 
parent conductive signal plate. An 
optical image of the scene to be trans- 
mitted is focused onto the photoconduc- 
tive surface through the transparent 
signal plate. ‘This signal plate is kept 
at a potential of about 20 v positive with 
respect to the cathode, and when no 
light falls on the photoconductive surface 
this surface is kept at cathode potential 
by means of the scanning beam. When 
light falls on the photoconductive surface 
it increases the conductivity, and a 
charge current flows from the signal 
plate to the individual elements of the 
photoconductive surface, the charging 
current being proportional to the amount 
of light falling on the surface. When 
the scanning beam strikes the charged 
surface it deposits sufficient electrons to 
neutralize this charge and thereby 
generates the video signal in the signal 
plate lead. In other words, the opera- 
tion is very similar to that of the orthicon 
except that the positive charging effect 
is achieved by photoconduction through 
the target itself rather than by photo- 
emission from the scanned surface. 

The advantage of using a_photo- 
conducting tube rather than a_photo- 
emissive tube is that the sensitivity of 
photocorductive materials is such that 
currents of several thousand micro- 
amperes per lumen may be obtained as 
compared to 30 to 50 va Im for the most 
efficient photoemissive materials. “Thus 
a highly sensitive camera tube may be 
built without the additional complica- 
tion of an electron image amplifier and 
an electron multiplier as incorporated in 
the image orthicon. This results in a 
simpler tube which is cheaper to build 
and can be made much smaller and 
more compact than any other camera 
tube. The photograph to the left in 
Fig. 27 is of a vidicon tube capable of 
producing satisfactory television pictures 
of more than 600 lines. It is about 6 in. 
long and 1 in. in diameter, and with 
tubes of this sort it has been possible to 
build portable field cameras that are 
not much bigger than an ordinary 16mm 
motion-picture Camera. 


Multiplier Phototubes 


A multiplier phototube or photo- 
multiplier is a photocell in which the 
photcelectrons emitted by the photo- 
sensitive surface are amplified inside the 
tube by making use of the phenomenon 
of secondary emission. The 
electric effect itself was first discovered by 
Hertz in 1887, and photoelectric cells of 
the type we now know were first experi- 
mented with around 1900. The use of 
secondary emission as a means of ampli- 
fication was first made use of by A. W. 


photo- 


Hull in a patent application dated 1915.7 
This application deals with the use of a 
dynatron as a device having negative 
electrical resistance characteristics. A 
second patent application by Hull, dated 
December 28, 1921,°° deals with a 
vacuum tube amplifier which makes use 
of secondary emission to obtain increased 
amplification. Another electron multi- 
plier amplifier is described in a patent 
application by Jarvis and Blair dated 
September 15, 1926.2° Figure 29 shows 
a cross-sectional diagram of the amplifier 
taken from this application. In_ this 
amplifier tube, electrons from the 
cathode (1) are controlled by the grid 
(2) in the usual manner, and from there 
they flow to the first anode (16) which 
corresponds to the plate in an ordinary 
vacuum tube. If this anode is of the 
proper potential, the electrons. striking 
it will have sufficiently high velocity so 
that each electron releases 
secondary electrons. By means of elec- 
trostatic shields (5) of proper potential, 
these secondary electrons are guided to 
the next anode (17) which they strike, 
and release still more secondary clec- 
trons, and so on, through the entire tube 
until finally the multiplied electrons reach 
the collector plate at the end of the tube. 
With the proper potential gradient from 
anode to anode, and with the anodes 
made of the proper material, it is possible 
to insure that each primary electron 
striking an anode will release as many as 
4 or 5 secondary electrons, and with 
enough stages of multiplication it is 
thus possible to obtain an electron multi- 
plication of many thousand times. 

If, in the tube shown in Fig. 29, the 
cathode and the grid are replaced by a 
photosensitive surface on which light can 
be projected, we have, in effect, a photo- 
multiplier very similar to the type used 
nowadays. During the early develop- 
ment of photomultipliers some of the 
forms utilized external magnetic focusing 
or guiding of the electrons through the 
tube, but all of the photomultipliers 
used today employ electrostatic focusing 
similar to that described above. It is 
multipliers of this type that were used 
by Farnsworth in his later developments 
of the dissector tube, and it is also this 
type of multiplier which is employed in 
the image orthicon. 
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Motion-Picture Film Scanners 


During the late 1930's it was estab- 
lished that future commercial television 
in the United States would use 30 
frames sec, that is, 60 fields interlaced. 
With regard to the scanning of motion- 
picture film, this created a problem, 
due to the fact that motion pictures 
are presented at 24 frames ‘sec, and some 
form of translation from 24 to 30 
frames/sec was therefore necessary. 

The problem was solved by using a 
storage type of camera tube as a pickup 
device in the scanner. The motion- 
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picture film was run in the usual inter- 
mittent fashion at 24 frames, sec, and the 
mosaic of the camera tube was illum- 
inated by the image using very short 
tlashes of intense light at the rate of 
60,sec. These flashes were made to 
occur during the field blanking intervals 
of the television signal, and the mosaic 
was then scanned in the usual manner 
while the film was being pulled down to 
the next frame. ‘Thus every other pic- 
ture frame is scanned twice and the in- 
tervening frames three times in order to 
produce the 60. sec field scan. 

The tube most commonly used for film 
scanners was the iconoscope and, in 
fact, many film scanners using the 
iconoscope are still in use in the broad- 
casting studios. As mentioned above, 
under the Iconoscope Section, this tube 
produces a spurious shading signal, the 
nature of which depends to some extent 
on the distribution of light in the image. 
This therefore creates an additional 
problem since sudden changes of scene 
in the film give rise to sudden changes in 
the shading signal. Satisfactory opera- 
tion of such a film scanner calls for 
highly skilled personnel and, in general, 
requires rehearsals in order to insure 
prompt and accurate modifications of 
compensating signals when the scene 
changes. On top of this, the iconoscope 
is not capable of producing a range of 
tone gradations that is anywhere near 
that obtainable in high-grade motion- 
picture film, 

For these reasons, television pictures 
from motion pictures have generally 
been quite inferior to those obtained 
with live pickup, and many attempts 
have been made to design a motion- 
picture film scanner capable of using a 
cathode-ray tube spot scanner as_ the 
light source, since this would result in a 
much better tone gradation the 
absence of shading signals. 

In order to accomplish this it is neces- 
sary to use a continuous or noninter- 
mittent film drive and to incorporate in 
the machine a system of rotating mirrors 
or prisms so arranged that the scanning 
raster imaged onto the film via_ these 
mirrors is made to follow the motion of 
the film, and thus is capable of scanning 
the film as if the frames were stationary. 

Continuous projectors with this type 
of optical arrangement have been known 
for a long time, and in one particular 
form were used quite extensively for 
commercial film projection in Germany 
in the 1930’s. This projector was 
designed by Mechau, and a detailed 
description of its design and operation 
was given in 1928.% optical 
arrangement of the projector is such 
that, as the film is pulled through the 
gate in a continuous motion, the light 
projected through the film passes via a 
series of mirrors moving in such a 
fashion as to keep the image of the film 
frame stationary on the screen. As one 
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film frame leaves the gate, the image of 
this frame fades out and the image of 


the succeeding frame fades in. In other 
words, the picture on the screen consists 
of a continual lap-dissolve from one frame 
into the next. 

If a machine of this sort is used back- 
wards, that is, with a cathode-ray tube 
scanning raster in place of the screen 
and with a photomultiplier in place of the 
light source, then it fills all the require- 
ments for a continuous motion-picture 
television scanner. In fact, quite a 
number of these Mechau machines were 
brought to England before and after the 
last war and are still being used by the 
British Broadcasting Corp. for film 
scanning and kinerecording. 

In the United States a continuous 
film scanner made on a principle some- 
what similar to Mechau’s was designed 
and constructed in the Bell Telephone 
Laboratories around 1948." [t uses a sys- 
tem of moving mirrors like the Mechau, 
but the mechanical arrangement for con- 
trolling these mirrors is greatly simplified 
over that used in the Mechau machine. 
This machine is still used as a main 
source of television signals in the Labora- 
tories and is capable of producing pic- 
tures with a detail corresponding to some 
7 or 8&8 me and with contrast ranges 
corresponding to theater release prints. 

Lately several firms have brought on 
the market commercial film scanners 
using continuous film motion and a 
rotating prism as the moving optical 
element. Film scanners of this type 
are particularly significant since they 
greatly simplify the problem of scanning 
motion-picture film in color.™ 

It should be mentioned that in the 
last few years the advent of the image 
orthicon and the vidicon has made it 
possible to build intermittent-type film 
scanners with performance capabilities 
much higher than those of the original 
iconoscope film scanner, and such 
scanners are now being used to an in- 
creasing extent the broadcating 
studios, 

In England television pictures are 
scanned at the rate of 25 frames/sec or 
50 fields interlaced. By simply running 
the motion-picture film continuously at 
the rate of 25 ‘sec instead of 24 ‘sec, it has 
therefore been possible for the British to 
construct and use very high-grade 
cathode-ray tube spot scanning machines 
with very much simpler optical arrange- 
ments than are required here in the 
United States. A description of two 
different types of such film scanners was 
given at the Television Convention in 
London in 1951.8 


Development of Television Standards 
in the United States 


It was long ago realized that in order 
to insure adequate synchronization be- 
tween television transmitters and _tele- 
vision receivers it is essential to establish 


186 November 1954 Journal of the SMPTE Volume 63 


a “lock-and-key” relationship between 
the two. It was therefore also realized 
that a widespread commercial television 
service would require a set of nationally 
adopted systems standards insuring such 
a lock-and-key relationship. 

As early as 1929 the Radio Manu- 
tacturers Association set up a Committee 
on television for the purpose of coordinat- 
ing and guiding the experimental tele- 
vision work going on at that time. By 
1935 this committee was requested to 
investigate the possibility of setting up a 
set of television standards for nationwide 
use, and by 1936 such a set of standards 
had been proposed and a report sub- 
mitted to the Federal Communications 
Commission. 

In this report it was recommended 
that seven television channels be al- 
located in the region from 42 to 90 mc 
and that each channel should be 6 mc 
wide. It was proposed that the system 
should consist of a 441-line picture and 
the transmission recommended was a 
double sideband AM transmission of the 
picture signal with 3.25-me separation 
between the sound and _ the picture 
carriers. By August 1936 the Federal 
Communications Commission permitted 
experimental transmission of such signals 
in part of the frequency band proposed 
but took no further action on the 
standards since the transmissions were 
still experimental only. 

During the next couple of years 
further developments resulted in a 
modified set of standards which was sub- 
mitted by the Radio Manufacturers 
Association to the Federal Communica- 
tions Commission in 1938 with the 
proposal that they be adopted as 
national standards. Furthermore, the 
National Broadcasting Company an- 
nounced that, coinciding with the open- 
ing of the New York World’s Fair in 
1939, they would start a limited series of 
programs in accordance with these 
standards. By this time the standards 
recommended made use of vestigial side- 
band transmission, which enabled the 
frequency range occupied by the picture 
signal to be increased from about 25 mc 
to 4 me. 

NBC maintained such a program all 
through 1939 without any formal ap- 
proval of the standards by the FCC, but 
in the latter part of 1939 the FCC issued 
a ruling which permitted limited com- 
mercial sponsorship of such transmission 
and announced their intention of holding 
a hearing in January 1940 for the pur- 
pose of arriving at a set of standards 
having general industry support. 

During the hearing it developed that 
serious objections to the RMA proposed 
standards were raised by several sectors 
of the industry, and in the report of the 
hearing the FCC stated that com- 
mercialization would not be permitted 
until the industry agreed on one com- 
mon system cf broadcasting. 


In order to establish such a system, the 
National Television System Committee 
was set up under the sponsorship of 
RMA. This Committee consisted of a 
group of technical experts from all 
interested parts of industry, and during 
the next year and a half this Committee 
concentrated on the formulation of a 
complete set of television standards 
supported by the industry as a whole. 
The final report of the Committee was 
delivered to the Commission in March 
1940, and in May of that year the FCC 
announced that the NTSC standards 
had been adopted officially and that 
commercial television broadcasting 
based on these standards would be 
permitted as of July 1941. 

By this time the standards called for a 
picture having 525 lines and, except for 
minor modifications, the standards were 
identical to those now in force. During 
the war years commercial television was 
temporarily discontinued except for a 
few special transmissions, and in 1945 
the prewar standards were reaffirmed 
by the Commission with a few minor 
modifications. These reaffirmed stand- 
ards are the present commercial stand- 
ards for black-and-white television trans- 
mission in the United States. 

A very complete report on this stand- 
ardization work inside RMA and NTSC 
was assembled by D. G. Fink and pub- 
lished by McGraw-Hill in book form in 
1943.4 


The Development of Television 
Network Facilities 


The first transmission of television 
signals over Bell System wire facilities 
took place in April 1927 when signals 
produced by Dr. H. E. Ives’ mechanical- 
scanning arrangements were transmitted 
from Washington to New York.®® At 
the same time, signals were also trans- 
mitted by radio from Whippany, N.J., 
to New York.*® These signals were of 
the low-definition type produced at that 
time and required a_band-width of 
only about 20,000 cycles. 

Television signals approaching the 
present-day wide-band variety were first 
transmitted over the coaxial cable from 
New York to Philadelphia in 1937." 
The pictures were produced from 
motion-picture films by means of a 6-ft 
scanning disc. ‘Two hundred and forty 
lines per frame were used and the band- 
width required to transmit the signals 
was 800,000 cycles. In 1940 television 
signals were transmitted over the coaxial 
cable from New York to Philadelphia 
and return, but now the signals corre- 
sponded to 441-line television pictures 
and required a frequency band of about 
2.7mc.*7_ Later that year scenes from the 
Republican National Convention in 
Philadelphia were transmitted over the 
coaxial cable to the National Broadcast- 
ing Co. studio in New York for tele- 
vision broadcasts. During 1941 similar 
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television signals were transmitted over 
coaxial cables for a total distance of 800 
mi. by looping the coaxial units in the 
cable between Stevens Point, Wis., and 
Minneapolis. 

During the war years verv little 

television transmission took place, but 
after the war, in 1945, television service 
was furnished to the broadcasters on an 
experimental basis between New York 
and Philadelphia and New York and 
Washington, with dropping points at 
Baltimore. These signals were of the 
525-line variety now used for commercial 
broadcasting. 
_ In 1947 the first microwave relay 
system was inaugurated between New 
York and Boston, and a _ round-trip 
television signal from New York was sent 
to Boston and back again and was 
received both in New York and, in 
addition, in Washington over the coaxial 
cable from New York.** 

In 1948 commercial service over Bell 
System networks was started and since 
that time the number of channel miles 
available for transmission has grown 
steadily, both over the coaxial system 
and over the microwave relay system. 
The Chicago-New York radio relay link 
was started in 1950, and the first com- 
mercial program transmission from coast 
to coast over the radio relay took place 
in September 1951 when President 
Truman spoke in San Franciscu, and 
signals were broadcast from stations in 
New York City.** 

At the end of February 1954, the total 
number of channel miles available for 
television transmission in the United 
States was about 52,000, of which 17,000 
were coaxial and the remaining 35,000 
microwave relays. 

The establishment of satisfactory long- 
distance television transmission facilities 
has imposed some extremely severe re- 
quirements on the reliability and stability 
of the individual components of such 
systems, The reception of a satisfactory 
broadcast television picture, especially for 
color television, requires that the studio 
equipment, the transmitting equipment 
and the receiving equipment together 
provide a channel which has a gain 
characteristic flat within a fraction of a 
decibel over the entire band and for 
which the departure from phase linearity 
over the band is only a few degrees. 
When such a television signal is trans- 
mitted over a coaxial cable from New 
York to Chicago, it passes through over 


a hundred repeaters, each with a gain of 


about 40 db, or a total gain of over 4000 
db. In order to insure that the tele- 
vision signal sull meets the above-men- 
tioned requirement after transmission 
over such a system, it will be realized 
that the design of the individual com- 
ponents requires extreme accuracy and 
care in order to insure the necessary 
precision and stability of both the re- 
peaters themselves and their associated 


passive equipment, such as amplitude 
and phase equalizers. Similar stringent 
requirements exist for the components in 
microwave relay systems since the signal 
transmitted over such a system from New 
York to Los Angeles again has to pass 
through over a hundred repeaters on the 
way. 


Conclusion 


The purpose of this paper has been to 
sketch the development of modern tele- 
vision from the early days of mechanical 
scanning through the transition period of 
partly mechanical and partly electronic 
scanning up to the present-day all-elec- 
tronic systems of high-definition tele- 
vision. This paper deals only with 
black-and-white television; the develop- 
ment of color television has not been 
included, partly because color television 
has only just been made commercial and 
a historical paper on this subject may 
therefore be somewhat premature, but 
partly also because this entire subject by 
itself has a long and interesting history 
and therefore merits a separate paper of 
its own. 

Apart from some of the early historical 
developments, the author has limited 
himself largely to the development here 
in the United States, but for those readers 
interested in the development of tele- 
vision in England and in Germany, the 
author would refer them to two very 
excellent papers published during the 
last couple of years, one in the Proceedings 
of the Institution of Electrical Engineers in 
1952* and the other in a German maga- 
zine article mentioned previously.‘ Both 
these papers are very extensive and both 
have excellent bibliographies, which will 
prove valuable and time-saving to any 
reader interested in source material. 
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Application 


of Soundtrack Developers 


to Color Films 


Silver deposits provide the simplest means of obtaining satisfactory sound repro- 


duction from color films when the phototube has the standard S-1 response. 
Some factors are discussed affecting the dimensional characteristics of redevelopers 


applied by roller or extrusion methods. 
developer for the Eastman Color Print Films is given. 


The formula of a new soundtrack 
The method of selecting 


coating aids may be useful for determining satisfactory materials for other proc- 
esses requiring dimensional stability of applied solutions. 


Dimensional Requirements 


rhirty years ago the few sound records 
that accompanied motion pictures were 
not a part of the photographic record, 
The introduction of photographic sound 
resulted in the standardization of sound- 
track position in proximity with the 
pictures, Dimensional tolerances were 
established’? with consideration of me- 
chanical and optical factors only, since 
picture and sound prints were processed 
simultaneously. 

The introduction of color required 
conformance to the established tolerances 
although for practical processing reasons 
the tolerances are more difficult to meet. 
Color films can be exposed or printed in 
the same equipment as black-and-white 
films and with the same accuracy. Dif- 
ficulty arises because the sensitometric re- 
quirements of the pictures and the sound- 
tracks on color films necessitate different 
development processes for each when the 
sound is reproduced with a phototube 
having The 
dimensional 

soundtrack 


infrared 
factor for 
characteristics now is 
development. 


an sensitivity. 
the 


the 


limiting 


Sensitometric Requirements 


The present sensitometric relationship 
between sound negatives and prints was 
evolved from the requirements of early 


Presented on May 4, 1954, at the Society’s Con- 
vention at Washington, D.C., by Robert C. 
Lovick and Richard L. White, Color Technology 
Div., Eastman Kodak Co., Rochester 4, N.Y. 
This paper was received on June 25, 1954.) 


188 


black-and-white pictures. Negative and 
print gammas were well established 
before photographic sound became prac- 
tical. Sound-recording materials were 
formulated and manufactured to provide 
optimum quality with release-print mate- 
rials. It has been found economically 
desirable for color-print' materials to 
have characteristics which permit the use 
of negatives suitable for printing on 
black-and-white film as well as color. 
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A most important requirement is that 
the sensitometric characteristic of the 
soundtrack deposit be compatible with the 
sound negative for low distortion. The- 
oretically, the choice of material forming 
the track deposit is unimportant, but it 
assumes importance because of the 
virtual standardization of a particular 
receptor response. 

The deposit formed in the first sound- 
tracks consisted of silver only. The 
density versus wavelength curve of a 
photographic silver deposit on a typical 
release positive is shown in Fig. 1. 
Density is fairly constant over most of the 
visual near-infrared spectrum. 
Therefore, phototube receptors used in 
reproducers might have a peak sensi- 
tivity anywhere in this region and be 
acceptable. However, at the time 
photographic soundtracks were intro- 
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Fig. 1. Spectral density of silver deposit on positive-type 
film and response of standard S-1 photosensitive receptor 


November 1954 Journal of the SMPTE Volume 63 


700 800 900 1000 


| | 

= 


duced, the design of amplifiers and 
phototubes such that gas-filled 
phototubes with peak sensitivities in the 
near-infrared had to be used in a prac- 
tical system. A typical receptor re- 
sponse is that of an S-1 surface, also 
shown in Fig. 1. 

Since reproducers were designed to 
operate with the infrared-sensitive photo- 
tube, soundtracks on color films had to 
have useful absorption at these wave- 
lengths. 2 shows the spectral 


was 


Figure 2 
density characteristics of the dyes in a 
particular color film. Dyes alone in 
color films at any practical concentration 
will not produce sufficient density in the 
infrared region. Receptors with maxi- 
mum response in the visual instead of the 
infrared region have been avoided be- 
cause of the concern that the use of 
dye sound records associated with a 
particular response in the visual region 
might limit future developments — of 
photographic color reproduction. Fur- 
thermore, only recently have gas-filled 
phototubes become available with a 
high sensitivity in the visual region (S-4 
response) capable of giving output com- 
parable with the S-1 gas-filled photo- 
tubes. 

The sound-reproduction capabilities of 
a dye deposit can be made nearly equal 
to that of a silver deposit. However, 
the dyes produced in color films are 
selective absorbers. Selective absorbers 
will introduce variations in sound re- 
production because of differences in the 
wavelength of maximum response of 
phototubes. Minimization of the dis- 
tortion which would result from a change 
of spectral response of the receptor re- 
quires the use of at least two dyes. 
Frequency response is affected by the 
position of the track-deposit layer in the 
emulsion. The use of two dye layers 
would result in different frequency 


responses from phototubes having differ- 
The less selec- 


ent spectral responses. 
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tive an absorber, the less variation ex- 
pected of all sound-reproduction char- 
acteristics. Silver deposits are rela- 
tively nonselective absorbers. In addi- 
tion, since the silver of any emulsion layer 
contributes density at all wavelengths, 
the relative exposure of the emulsion 
layers may be altered to obtain consider- 
able control of the sensitometric curve 
shape. This effect may be expected to 
be reasonably similar for other photo- 
tubes of the same response class if the 
deposit is silver but not if the deposit is 
dye. 


Methods 

Three of the 
whereby silver may be retained or re- 
covered for use as a major component of 
the absorber are the resist, viscous bleach, 
and differential redevelopment. 

The resist method requires that some 
material be applied to the sound area 
only, to prevent the action of the bleach 
upon the silver. The system has met 
with only limited success because of the 
numerous conditions that such a material 
must satisfy. Resists must not be soluble 
in the bleaching solution, must be pliable 
to avoid any possible cracking, and must 
prevent solutions from diffusing through 
the emulsion. In addition, a usable 
resist must be completely removable in 
the final processing solutions without 
affecting the dyes, or have character- 
istics which allow it to be retained on the 
film surface. If it is retained, it must be 
and remain similar to the emulsion 
material as to shrinkage, abrasion resist- 
ance and pliability. No material known 
at present adequately fulfills these re- 
quirements, 

The viscous-bleach method retains the 
developed silver of the soundtrack area 
by the application of a bleaching solu- 
tion to the picture area only, The 
silver record in the soundtrack area 
remains unaffected. There are several 


more common methods 
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Fig. 2. Spectral density of dye deposits of Eastman Color Print Film, Type 5382. 
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Factors in Applying Color Soundtrack Developers 


difficulties in this method, Bleaching 
must be accomplished in a shorter period 
of time than if conventional bleaching 
methods The 


must be uniform and complete without 


were used. bleaching 


the benefit of agitation. The evenness 
of the edge of the bleach application 
near the soundtrack must be very good or 
unpleasant random noise of high ampli- 
tude will be introduced and distortion of 
variable-area records increased by clip- 
ping modulation peaks. Inasmuch as 
this is a process requiring application of 
viscous solutions, the methods and 
materials found to improve redevelop- 
ment may be expected to improve 
viscous-bleach processing. 

Differential redevelopment is a method 
whereby the silver in the soundtrack 
area produced in the initial develop- 
ment is reconverted to metallic silver 
after the bleach. Our experience has 
indicated this to be the most practical 
method. 


Developer Requirements 

A soundtrack developer must have 
certain properties to obtain the desired 
dimensional and sensitometric require- 
ments. In addition, the method of 
applying the developer to the film will 
place restrictions of its own upon the 
developer. A satisfactory developer must 
have chemical and physical stability as 
well as chemical and physical uniformity 
in order to maintain day-to-day process 
uniformity, 

A bead or meniscus type of developer 
application requires that the developer be 
capable of uniform development without 
the benefit of agitation. Uniform de- 
velopment, therefore, is obtained by the 
use of a very powerful reducing agent 
capable of reducing to metallic silver 
any silver salt with which it comes in 
contact. A short induction period and 
high reaction rate are desirable so that 
the developer need be in contact with the 
emulsion for the shortest possible time 
in order to reduce the chance that vibra- 
tional forces may cause the developer to 
spread. In addition, penetration of the 
developer into the emulsion is a necessary 
requirement in order that it may reach 
all of the available silver salts. How- 
ever, penetration is usually accompanied 
by an increased tendency for the de- 
veloper to spread. 

The maintenance of development 
within the prescribed limits requires 
that some material be added to reduce 
the tendency to spread beyond the area 
to which it is applied. Such materials, 
usually called thickening agents, can be 
used to control the spreading of the 
developer. The term “thickening 
agent” is misleading. “Coating aid” 
would be more descriptive, since viscosity 
alone is not a sufficient characteristic. 
Satisfactory materials are limited in 
number because of the requirements they 
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Fig. 3. Comparison of materials showing Newtonian and plastic flow characteristics. 


They must be 
soluble, since the developer is to be 
washed off the film at the end of the re- 


They must be stable in 


must satisly. water 


action period, 
solution at the very high pH which is 
necessary to satisfy the development 
requirements, and it is desirable that 
they also be stable in water solution for 
stock solution use. It is very desirable 
that these materials have a high yield 
value. Yield value, which is a dis- 
tinguishing property of certain plastic 
materials, is the characteristic that is 
most indicative of the usefulness of any 
coating aid in a developer of this type. 
Viscosities of Newtonian liquids meas- 
ured with a rotational type of viscometer 
will have a torque-speed curve which 
passes through the origin. 
rials have curves which intersect the 
torque axis at some point other than the 
origin (Fig. 3). This point is called the 
yield) value of the material. This 
value indicates that some definite amount 
of force must be applied to the material 
when it is at rest to cause it to flow. 
While viscosity indicates a resistance to 
flow, the existence of a yield value in- 
dicates a resistance to the start of flow. 
A high viscosity will reduce the rate of 
spreading so that if the developer is 
removed soon enough after application, 
the spreading can be kept within reason- 
able limits. On the other hand, the 
length of time and viscosity are not as 
critical with a material having a high 
vield value, since the rate of flow is not 


Plastic mate- 


the controlling factor. 


Practical Examples 

An example of a typical developer 
which has been designed to meet the 
given requirements is the one used in the 
Eastman Color Print process to develop 
soundtracks on Eastman Color Print 
Film, Type 5382. 

Sound Developer SD-33 for Eastman Color 

Print Films. 

Part A: 

(1) Wet 1 gram of PVM* with 25 ml iso- 
propyl alcohol in a 50-ml beaker. 

(2) Place 390 mi distilled water in a 500-ml 
beaker. 

(3) Add the PVM* and alcohol to the 
water. Agitate vigorously while add- 
ing. 

(4) Discard any material that remains in 
the 50-ml beaker. 

Part B: 

565 ml distilled water 

60 grams sodium sulfite (Na,SO;) 

80 grams sodium hydroxide (NaOH) — 

flakes 

Cool and add 60 grams hydroquinone (HQ) 

Add Part A to Part B. Add 20 ml ethylene 

diamine. 

Surface drying is very important to 
successful application of any sound 
developer since all developers contain 
water soluble materials and_ therefore 
have some tendency to spread in the 


*PVM: The half amide of the copolymer of 
methyl vinyl ether and maleic anhydride. 
(General Aniline and Film, PVM/MA,HA. 
Type 30.) Individual circumstances may re- 
quire up to 5 grams per liter. If more than 10 
grams appears necessary, the material is probably 
not Type 30 


presence of surface moisture. The PVM 
coating aid is very good in this respect 
but the need for proper surface prepara- 
tion is not eliminated. Although the 
moisture content of the film is not 
critical, surface moisture should be com- 
pletely removed but the film should not 
be dried too greatly (as in a drying 
cabinet) or the increased hardness will 
impede penetration. A_ satisfactory 
method of removing surface moisture is 
discussed more fully in another publica- 
tion.? 

Three common methods for applying 
a sound developer to the film are 
meniscus, extrusion and roller applica- 
tion. The method selected for the most 
intensive investigation by the Eastman 
Kodak Co. involved the use of a roller 
applicator. 

Some additional factors which affect 
application with the use of roller 
applicators are the direction of rotation 
of the coating wheel, the rate of rotation 
and the spacing between the wheel and 
film. Experience indicates that the 
preferred direction of rotation is such as 
to oppose the direction of the film, 
There is a tendency to form a more 
uniform coating when this direction of 
rotation is used. ‘The speed of the coat- 
ing wheel is dependent upon the film 
velocity, the direction of rotation and the 
viscosity of the developer. 

The final wash for the ‘removal of the 
developer should be a flat jet spray 
nearly perpendicular to the direction of 
film travel or inclined slightly in the 
direction of film travel. Quite  satis- 
factory basic flat jet spray nozzles are 
commercially available. 

A number of laboratories using a roller 
application method have experienced 
such difficulties as random spreading, 
spreading as some function of film 
hardness due to exposure or processing 
conditions, and severe spreading at every 
splice. When the developer SD-33 is 
used with a properly adjusted applicator 
and adequate surface drying these 
defects are eliminated except for slight 
widening at splices. This widening is 
due only to the decreased separation 
between the film and the coating wheel. 
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High-Efficiency Air Squeegee and 


Soundtrack Developer Applicator 


for Color Films 


A soundtrack developer applicator of the roller type is described. 


It gives sound- 


tracks of high quality and operates from the lowest practical processing-machine 


film speeds to over 340 fpm. 


Design features are discussed. 


Important to 


success of the applicator is a highly efficient squeegee which is described in detail. 


A LITTLE MORE THAN a year ago the 
need arose in the Color Technology Div. 
of the Eastman Kodak Co. for a new 
applicator for experimental work in 
applying soundtrack developer to East- 
man Color Print Film. Previous appli- 
cators had not been entirely satisfactory 
with film speeds as high as 200 fpm, 
either because the processing solution 
would spread beyond the soundtrack 
area or because the solution could not be 
applied uniformly enough to the desired 
area. It was desired to demonstrate 
that the roller applicator principle was 
useful at the higher film speeds. Rather 
than copy the better features of the 
existing applicators, it was decided to 
use only their general form and to 
design a new applicator which would 
meet all the known requirements for 
satisfactory soundtrack processing. The 
applicator must: 

(1) Meet ASA standards and _toler- 
ances on the position and width of the 
applied developer strip. 

(2) Produce a strip free from waviness. 

(3) Allow for considerable variation in 
the amount of solution applied. 

(4) Apply solution at a uniform rate at 
any setting. 

(5) Allow for considerable variation in 
processing time. 

(6) Wash solutions from film so that 
the unprocessed areas are unaffected by 
developer. 

(7) Pass film splices. 

Figure 1 shows a schematic diagram 
of the applicator. The film proceeds 
from a wash tank through an air squeegee 
and into a dry tank. From the dry 
tank the film moves over an idler roller 
which feeds it to the first positioning 
roller, then on to the backup roller. 
Here the rotating applicator wheel, the 
lower side of which dips into the tank 
of developer solution, deposits — the 
processing solution on the film. The 
applicator wheel rotates clockwise, carry- 
ing solution to the film in a direction 
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justment for this spacing. 


opposite to the film’s travel. ‘The dial 
indicator reads directly, in thousandths of 
an inch, the spacing between the surface 
of the applicator wheel and the surface of 
the film. An eccentric provides easy ad- 
Processing 
takes place as the film moves under the 
second positioning roller and over two 
more idler rollers and is stopped when 
jets of water wash the applied solution 
from the film. 

In order to meet the ASA standard on 
width of the strip, the applicator wheel 
was ground to exactly the desired width, 
and meniscus spreading was prevented 
by painting the sides of the wheel with 
nonwetting Teflon paint. However, the 
solution will spread if the wheel carries 
too much solution for the limited space 
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between the applicator and the film or if 
the wheel is rotating too fast for the speed 
of the film. The spacing is, therefore, 
generally set at approximately five 
thousandths of an inch, and the speed 
of rotation of the applicator wheel, 
determined by experience, is set so that 
the proper amount of solution is applied 
to the film. Figure 2 shows the effect of 
the amount of developer carried to the 
film. Note the narrow and _ irregular 
strip at the right indicating insufficient 
developer; the uniform strip at the 
center, correctly processed ; and the wide 
but less regular strip at the left indicating 
too much developer. The position of 
the strip of applied developer on the 
film is controlled by the two positioning 
rollers which have flanges carefully cut to 
run true and to fit the film = closely. 
Each roller is on a spring-loaded bearing 
to eliminate the possibility of end-play 
and is adjustable to eliminate expensive 
machining operations and to provide 
for readjustment in case of wear or 
repair. 
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Fig. 2. Effects of applying various amounts of developer: left, too much developer; 
center, the correct amount; right, too little developer. 


Fig. 3. Effects of moisture present on the film at the time of application of the soundtrack developer: 
left, droplets of water; center, overall surface moisture; right, surface dried. 
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In controlling the width of the strip, 
it is of utmost importance that all 
surface moisture be removed from the 
film. Application of solution on film 
with overall surface moisture leaves 
poorly defined edges and water droplets 
cause uneven spreading of the processing 
solutions. Figure 3 shows the effects 
produced by moisture on the film. The 
air squeegee mentioned earlier is used 
for removing all the surface moisture and 
will be described in detail later in this 
paper. The dry tank was reserved for 
additional drying. This was found 
unnecessary but the film is threaded 
through it as a matter of convenience. 

The second requirement for the appli- 
cator—that of preventing wavy edges 
is closely associated with that of con- 
trolling the width of the strip. The 
controls described earlier also help 
meet this requirement. To eliminate 
waviness due to variations in the space 
between the applicator wheel and the 
film, the wheel and backup roller have 
been supplied with extreme precision 
bearings and were made so that the 
peripheries of both run perfectly true. 
To avoid variations in the speed of the 
applicator wheel, a good motor for the 
drive unit was selected, the drive for the 
wheel was made with considerable care, 
and the wheel was made as massive as 
space would allow. 

The third requirement is for a wide 
variation in the amount of solution 
applied. In addition to control by the 
inclusion of a thickening agent in the 
solution, the speed of the applicator 
wheel is readily adjustable. For this 
purpose a General Radio Motor Speed 
Controller is used in combination with a 
115-v d-c Bodine Shunt Motor with a 
speed geared 10:1. In an 
experiment to determine if roller applica- 
tion was usable at high film speeds, a 
good quality application was made at a 
film speed of 340 fpm, the limit of the 
film-conveying equipment. Satisfactory 
operation can be obtained at a speed as 
low as 10 fpm. At 25 fpm, good results 
are obtained with the applicator wheel 
speed set at approximately 70 rpm. 

The provisions described so far also 
helped in meeting the fourth require- 
ment—uniform rate of application. The 
applicator has an reservoir 
to make possible accurate control of the 
depth to which the applicator dips into 
the solution. This was found unneces- 
sary for most of the work because the 
sides of the wheel do not wet appreciably. 
The depth of the wheel in the developer 
solution is relatively unimportant in 
gauging the quantity of developer 
carried. For experimental purposes it 
was found more convenient to add 
periodically to the developer in the tank 
than to set up the overflow tank with a 
supply and feed system. 

Processing time is determined by the 
film speed and by the length of the 
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Fig. 4. Schematic diagram of the squeegee. 


film path between the point of applica- 
tion and the jet wash, and can be varied 
over a wide range by changing this 
path as desired. The final idler roller 
(located above the applicator mecha- 
nism) can be mounted at any desired 
height on a mount bar drilled for this 
purpose. ‘This variability is required in 
order to obtain the proper development 
time for the speed at which the film is 
moving; that is, the higher the film 
speed, the longer the path required. 

After application of the soundtrack, 
the film is washed in a tank with a con- 
stant water spray. Immediately preced- 
ing this tank, jets of water are directed 
diagonally downward on both sides of 
the film in such a way that the developer 
is carried off the film on the soundtrack 
side. 

Splices pass through easily. Referring 
again to Fig. 1, it can be seen that 
the backup roller and the two guide 
rollers are mounted on a single hinged 
arm. A splice approaching the limited 
space between the backup roller and the 
applicator wheel forces the arm to rise. 
When the splice has passed through, a 
spring returns the arm. To maintain 
accuracy of setting, the arm is mounted 
with spring tension against ground lo- 
cating surfaces on the main applicator 
support. 


The Squeegee 

Earlier it was pointed out that re- 
moving surface moisture from the film 
was of the greatest importance for good 
quality soundtrack application. For 
that reason the air squeegee will be 
described in detail. Besides contribut- 
ing substantially to the success of this 
application squeegee is 
useful for removing moisture from film 
wherever a moisture problem exists. 
Figure 4 shows a schematic diagram of 
the squeegee. The wet film moving 
toward the squeegee enters the space be- 
tween the two symmetrical halves of the 
unit. Here the largest drops are blown 
off by the air following along the film 
from the jets. Gradually, as the film 


system, the 
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FILM 

approaches the jets, more and more water 
is removed from the film until at the 
throat the point where the film is 
closest to the face of the squeegee the 
air velocity is great enough to carry off 
all surface moisture. In normal use, 
film approaching the squeegee is coming 
out of a wash tank and moving upward, 
It is usually most convenient, therefore, 
to mount the squeegee just outside the 
tank so that the water removed from the 
film will be returned to the tank. 

Figure 5 shows performance character- 
istics of the squeegee at various adjust- 
ments and air pressures. Critical film 
speed is defined as that speed below 
which all surface moisture is removed, 
leaving the film tacky. Adjustments are 
not particularly critical and even at 
only 5-Ib pressure the critical film speed is 
about 50 fpm for normal operation. 
With higher air pressures, substantially 
higher film speeds can be used. Gen- 
erally the squeegee is used at 10-20 Ib 
depending on the film speed in the ma- 
chine; however, it has been used in tests 
at 60 Ib. At 10-lb air pressure the 
squeegee consumes about 8 cu ft of air 
per minute; at 15 lb about 11} cu ft 
per minute; at higher pressures propor- 
tionately more. 

The question may arise as to whether 
the film can be damaged because of 
the close clearances and high air velocity 
of the squeegee. The air forms a 
cushioning bearing on which the film 
floats through the unit and no film has 
ever been damaged by the squeegee. 
Film damage is possible, however, if the 
air is not turned on or if the squeegee is 
mounted out of line. 

In the latest model squeegee there is 
one air connection from which air is 
distributed in the support block to 
two hollow posts. These support the 
two squeegee bodies and feed air to 
them. The air then flows through holes 
in the bodies to distribution chambers 
behind the blades, then out through the 
jets. The support, which is rigidly 
fastened to the support block, has at the 
lower end provision for an adjustable 
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Fig. 5. Performance characteristics of the squeegee. 


connection to the support arm. The 
other end, adjacent to the jet end of the 
squeegee, supports two double cams. 
Iwo pins, one in each of the two squeegee 
bodies, engage the cams. One cam has 
a small handle used for opening the unit 
for film loading, out-of-use position, 
cleaning, etc. The handle opens both 
halves symmetrically to free the film 
path, ‘The other cam is adjustable, and 
when clamped in adjusted position main- 


tains the clearance through which the 


film passes. A spring connected between 
two other pins, one on each of the body 
blocks, keeps the unit closed except when 
intentionally opened or when a splice 
passes through. 

Eyelet, staple and tape splices have 
been passed through both the applicator 
and the squeegee without damage, but 
it is possible for metallic splices to 
damage the equipment and much time 
has been spent in seeking a good tem- 


porary splice. One processing machine 


A Rapid Automatic Stitch Splicer 
for Darkroom Operation 


A Pfaff ‘zig-zag’ type sewing machine has been used in the development of an 


automatic stitch splicer for splicing 35mm film before processing. 


The complete 


splicing operation can be done quickly and easily in the dark with a minimum 


of operator training. 


not found in tape, staple and heat splices. 


The splice, made with nylon thread, has several features 


Most important are strength with 


flexibility, no effect from solutions or softening of film, and no damage to equip- 


ment used on the processing machine. 


D, RING investigation of the applica- 
tion of developer to film soundtrack, 


the need became evident for a splice 


Presented on May 4, 1954, at the Society's Con- 
vention at Washington, D.C., by Duane E. Grant 
who read the paper) and Howard F. Ott, Color 
Technology Div., Eastman Kodak Co., Roch- 
ester 4, NY 

(This paper was first received on June 25, 1954, 
and in revised form on October 19, 1954.) 


which could not damage processing 
equipment. The eyelet splice in use 
on the experimental processing machine 
in the Color Technology Division of the 
Eastman Kodak Co. was such that it 
could damage the applicator roller used 
in soundtrack processing. In addition, 
there were other disadvantages: it was 
thick at the eyelet, relatively weak, and 
was subject to attack by solutions. An 


has been equipped with an automatic 
stitch splicer which is described in 
detail in the paper below. This splice 
will cause no damage, and in normal use 
no other type of splice is put through the 
applicator. No special precautions have 
been taken with the squeegee, however, 
and when it is used only for removing 
surface moisture prior to fina] drying of 
the film, the squeegee has successfully 
handled whatever type of splice was 
currently being used with the machine 
on which it was_installed. 


Conclusions 


With this apparatus, soundtracks of 
high quality have been produced. 
It has been demonstrated that it is possi- 
ble to use the roller applicator method 
at high film speeds. Further, it has been 
shown that the success of the method 
depends largely on the design and con- 
struction of the equipment, with particu- 
lar emphasis on the film squeegee. 


Discussion 

Carl F. Turvey (Dept. of Agriculture): What type 
of air compressor is used in supplying air for the 
squeegee? 

Mr. Ou: We have a large compressed-air 
system which supplies most of Kodak Park and 
we're simply using that system. We are filtering 
it, however; we’re using a Dollinger Staynew 
Air Filter, so that the fine openings in the jets 
do not become clogged. 

Mr. Turvey: It looks as though the emulsion of 
the film is coming in contact with the rollers, 
shown in the diagram. Is that correct or not? 

Mr. Ott: The emulsion comes in contact with 
one idler roller at the extreme edges only before 
application, and we’ve had no trouble whatso- 
ever from that. It doesn’t contact the rollers at 
all afterwards 


By DUANE E. GRANT 
and HOWARD F. OTT 


evelet splice which was allowed to re- 
main in a hypo or bleach tank overnight 
dissolved completely. Other types of 
splices, such as tape, staple and heat 
splices, have been considered, but none 
was entirely satisfactory for one reason 
or another. zig-zag sewed splice 
using nylon thread seemed attractive 
because the resulting splice was thin 
and not subject to attack by processing 
solutions. Furthermore, the zig-zag na- 
ture of the splice provided a satisfactory 
separation between stitch perforations 
which prevented weakening of the film 
along the stitched path. 


Requirements 


The requirements for a_ satisfactory 
stitch splicer and sewed splice are as 
follows: 
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Ott and Lovick: 


1. The operator must be able to make 
a splice in the dark with complete ease 
and safety and with a minimum of train- 
ing. 

2. Operation of the splicer must be 
nearly automatic to reduce the number 
of steps required in making a splice. 

3. The entire sequence of steps re- 
quired should take less time than other 
methods in use. 

4. Film perforations at the splice 
should be aligned so that the splice can 
be driven by a sprocket drive. 

5. The splice must be incapable of 
damaging equipment. 

6. The resulting splice must have 
sufficient points sewed together to be 
strong, yet the needle perforations must 


’ be kept separated and to a minimum to 


avoid the possibility of film breaks where 
sewed. 

7. The thread must not be affected by 
solutions used in the photographic proc- 
esses. 


8. The splice must be flexible enough 


Fig. 2. 35mm sewed splice. 


Fig. 3. Drive mechanism for 35mm stitch splicer. 


Grant and Ott: 


to pass easily over rollers used in the 
processing equipment. 

9. Softening of gelatin layers and film 
backing must have no effect on the 
quality of the stitched splice. 

10. The width of the splice must be 
the same as that of the unspliced film. 


In Figure 1 the 35mm stitch splicer 
is shown installed on the experimental 
processing machine. The head unit of a 
Pfaff, Model 130, sewing machine was 
used in its construction. This model 
has standard features found on most 
straight-stitch, household sewing ma- 
chines and, in addition, has an adjust- 
able mechanism which produces a zig- 
zag stitch. 


Changes Made to the Sewing Machine 


In order to convert the Pfaff head to a 
machine that would fulfill the above re- 
quirements, the following changes were 
made: 

1. The feeder mechanism was re- 
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placed by a carriage assembly and an 
intermittent drive mechanism. Mounted 
on the bed plate of the machine, the 
carriage assembly holds the film to be 
sewed. The path sewed is controlled 
by a rectangular gear mounted on the 
carriage assembly and actuated from be- 
low by the intermittent drive mechanism. 
The film holder has one locating pin 
and two guide bars to align the film for 
sewing. The space between the two 
guide bars serves as a measurement for 
correct film overlap. The pattern ob- 
tained with the stitch splicer is shown in 
Fig. 2. The intermittent drive mecha- 
nism shown in Fig. 3 is powered by the 
same shaft that rotates the sewing ma- 
chine hook. An intermittent drive was 
necessary since the film holder can move 
only when the needle is out of the work. 

2. The presser-foot shoe was changed 
to one of better shape for sewing zig- 
zag in both directions. Also a stop was 
provided to keep the foot off the film 
during sewing to allow freedom in pull- 
ing the thread tight at the stitch. 

3. The presser-foot lever re- 
placed by a cam with a solenoid hold- 
down and spring return. 

4. The series motor was replaced by 
an induction type so that an a-c, motor- 
stopping circuit could be used.* A cam 
mounted on the balance wheel operates 
a set of breaker points which stop the 
motor when the take-up lever is properly 
positioned. ‘This makes it possible to 
stop the machine with the needle out of 
the work in a position to be ready for 
sewing, without de-threading the needle. 
As an additional safeguard, since the 
splicer is to operate in the dark, a 
“needle-down” buzzer is incorporated 
to warn the operator if the motor-stop- 
ping mechanism should fail and the 
needle has stopped in the film. 

5. Automatic switching was provided 
so that a foot-operated switch would 
initiate the complete splicing cycle. 

6. A spool pin adapter was made to 
accommodate large commercial-size 
spools. 


*G. H. Dawson and H. F. Ott, Rev. Sei. 
Instr., 25: 828 (1954) 
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Fig. 1. 35mm stitch splicer installed on processing machine. Pe 
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7. The bobbin winder was removed 
and rebuilt as a separate unit using the 
motor originally on the machine. 

A description of the steps involved in 
making a splice will show how some of 
the special design features are related to 
the operation of the splicer. The opera- 
tor first positions the film on the film 
holder 
locating pin to obtain the proper overlap 
He next depresses a foot 


using the guide bars and the 


and alignment. 
switch. A rectangular path is sewed 
automatically, at the end of which the 
machine stops, needle up, ready for the 
next splice. The film is removed, trail- 
ing threads cut, and the spliced film is 
placed on a by-pass roller. This short 
procedure compares favorably with pro- 
cedures required on other types of splic- 
ers 

Safety features as well as mechanical 
features have been considered in the 
development of the splicer. A guard is 
provided around the needle to prevent 


“sewed” fingers. It is pivoted so that 
it can be swung to one side while thread- 
ing or replacing the needle. All moving 
parts such as the drive mechanism, 
carriage assembly and_ solenoid hold- 
down for the presser foot have protective 
The entire splicer is grounded 
to prevent electrical shock. 


covers. 


Conclusion 

So far as we know, this is the first 
application of zig-zag splicing to 35mm 
film. It is not the only method, however, 
which can be used to arrive at the same 
end result. While the use of a zig-zag 
type machine is considered important 
to the success of this splice, various me- 
chanical arrangements and operations 
are possible. The splicer described in 
this paper does work well and fulfills the 
earlier mentioned requirements. Since 
its installation eight months ago, there 
has not been one case of a break at a 


sewed splice. It is possible to rerun old 


A 16mm Projector for 


Research Films 


To obtain maximum information from rapid serial studies of living subjects, the 


films should be viewed both in slow motion and as stills. 
Alterations carried out on a Kodak ‘‘Analyst’’ projector 


projection apparatus. 


This requires special 


make possible tolerably flicker-free projection at speeds between 15 and 6 frames / 
sec and also pushbutton controlled single-frame operation, either forward or 


reverse. 


Change-over from continuous to single-frame operation can be made 


quickly, without manual adjustment of focus or illumination. 


I, sruDYING rapid serial photographs, 
the question may arise whether it is 
worth going to the touble of projecting 
After all, the 
action has already been analyzed on the 
films; why bother to synthesize it again? 
The ideal way of viewing would seem 


them as motion pictures. 


to be frame by frame, making paper en- 
largements where necessary, so that each 
picture can be compared side by side with 
the others. 

This argument may be valid in some 
fields; but in reading x-ray motion 
studies of living subjects! we have found 
that preliminary viewing by motion- 
picture projection is a great elucidator 
and time saver. It is much easier to pick 
up the complex rhythms of action when 
they are seen, so to speak, in the perspec- 


A contribution submitted on August 1, 1954, by 
S. A. Weinberg, Dept. of Radiology, University 
of Rochester School of Medicine and Dentistry, 
Rochester 20, N.Y. This project was supported 
in part by a research grant from the National 
Heart Institute of the National Institutes of 
Health, U.S. Public Health Service. 


tive of motion, than to try to do it by 
tabulating frame-to-frame displacements. 
Furthermore, no matter how sharp and 
detailed the separate pictures may appear 
to be, additional details are almost al- 
ways revealed when the pictures are 
projected — in These cannot 
possibly be located on individual frames 
constant reference the 


motion, 


except. by 
moving film. 

The hidden structural detail made 
perceptible by projection should not be 
confused with “historical” detail missed 
from the film record because of too slow 
a rate of exposure. Projection can 
hardly restore events which were not 
photographed. The “historian” will 
have to interpolate them out of his head, 
or, better, retake the pictures at higher 
frequencies. 

Serial pictures on standard motion- 
picture film offer no projection problems, 
and are generally screened anway, if 
only out of curiosity; those exposed on 
outsized films, or by some of the out- 
landish methods of high-speed photog- 


splices in rolls of leader until it is desired 
to remove sections containing many 
splices; no weakening of the sewed 
splice has been observed. 


Discussion 


Carl F. Turvey (Motion Picture Service, US. Dept 
of Agriculture): Do these perforations maintain 
their registration throughout the time it takes 
to run through a developing machine? 

Mr. Grant: Yes, we have had no difficulty. 
The perforations do maintain alignment 

Saul Jeffe (Mouelab Film Labs, Inc.): Can you 
tell us how long the splice holds up in the de- 
veloper, bleach or the hypo? 

Mr. Grant: Since our use of this splice on the 
experimental processing machine at Kodak 
Park, we have not had a single break at a sewed 
splice. As for holding up, the splice has been 
used for leader since the splicer’s installation 
almost a year ago and it has never been found 
necessary to replace any of the splices. Splices 
in leader have been rerun through the machine 
over and over again. 

Anon: Is it possible to use this splice on a 
sprocket-drive machine? 

Mr. Grant: Yes, it is. 
the advantages of this splice is that sprocket-type 
drives can be used 


As pointed out, one of 


By S. A. WEINBERG, J. S. 
WATSON, and G. H. RAMSEY 


raphy, first have to be rephotographed 
with as good registration as the cir- 
cumstances allow. So long as the result- 
ing motion picture is no unsteadier than 
television, the modern observer should 
be able to view it with equanimity. 
Viewing is made easier and more in- 
formative by the right sort of projection 
apparatus. The projector for this work 
should have the flexibility of an editing 
machine but with better definition and 
more light intensity. What is wanted is 
to be able to run the film in either 
direction at any desired speed from 1 
to 16 frames /sec, and to be able to change 
expeditiously from continuous to single- 
frame projection and back again. The 
majority of 16mm silent projectors are 
provided with a clutch for stopping on 
the film and are quite flexible so far as 
speed regulation is concerned. Un- 
fortunately, as soon as speed falls below 
about 14 frames/sec, the fire shutter 
drops, and screen illumination im- 
mediately becomes very dim. Doctor- 
ing the shutter to stay up at slower 
speeds is not recommended, since the 
shutter may fail to drop when the pro- 
jector is stopped on a frame, in which 
case the frame burns. Furthermore, with 
full screen illumination, flicker tends to 
become intolerable at the slower pro- 
jection speeds. About the best that can 
be done is to reduce the throw to around 
4 ft, let the fire shutter stay down, and, 
when single framing, disconnect the 
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Fig. 1. Modified Analyst projector. 
of the film. 


clutch, speed up the fan, and turn the 
mechanism by hand. But this does not 
solve the problem of slow speed flicker. 
Our first attempt to devise a special 
projection apparatus was not very satis- 


Fig. 3. Five blade shutter seen from the rear. 
house have been removed. Clutch idler ‘‘a’’ rides on shutter 
rim. Half moon recess and ramps can be seen on opposite side. 


Weinberg, Watson and Ramsey: 


Note extra blower for cooling the far side 
Speed control lever is at extreme left. 


factory. We acquired a 16mm _ pro- 
jector of the type having a right-angle 
prism between the lamp and the con- 
denser, and placed in it a lamp of low 


wattage. Another right-angle prism was 


Lamp and lamp- 


| 


Fig. 2. Blower housing held out of 
the way for threading. 


used to reflect the film image downward 
on a horizontal drawing board. ‘The 
motor was disconnected from the drive 
shaft so that the fan would run at 
constant speed, and the mechanism was 
hand cranked either forward or back- 
ward at a 7 to 1 ratio. The principal 
troubles were poor registration, change of 
focus, and flicker. 

Our second, more successful attempt 
consisted of alterations to the Kodak 
“Analyst” projector shown in Fig. 1. 
This machine is much used by athletic 
coaches for post-mortems on football 
games and similar contests. Standard 
features of the Analyst are: a separate 
motor for the cooling fan, heat-absorbing 
glass between the condenser and _ film, 
heat-absorbing coating of the condenser 
lenses, a speed selector giving a choice 
between 16 and 24 frames sec, and an 
instantly reversible drive motor. ‘The 
standard Analyst has no provision for 
single framing and hence needs no fire 
shutter; the heat absorbing glass and 
coatings take care of the momentary 
arrest of the film when the motor is 
reversed. 

Like most silent 16mm projectors the 
Analyst has a three-blade shutter which 
interrupts screen Ulumination 48 times 
per second at the standard silent projec- 
tion speed of 16. Whether flicker will 
be noted at this frequency will depend 


Fig. 4. Clutch idler ‘‘a’’ is seated in recess in shutter rim. 
Geared-down motor ‘‘c’’ actuates clutch arm ‘‘b,’’ releasing 
clutch for one shutter revolution. 
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cen- 
frame 


Fig. 5. Moveable diaphragm ‘‘a’”’ 
tered in optical axis for single 
operation of projector. 


inter- 
screen 


the 
Thus, if 
brightness is increased beyond the usual 


the intensity of 


illumination.? 


mainly on 
mittent 


10 to 14 footlamberts, or if the print being 


shown has unusually large highlight 
areas, a more or less gentle ripple will be 
perceptible to the average healthy 


the will 
make the ripple more con- 


observer.’ Slowing projector 
naturally 
spicuous. However, the student of re- 
to be dis- 
frank 


pulsation, so long as it does not interfere 


search films bas learned not 
tracted by ripple, nor even by 
The limit 
seems to be reached, for most observers, 


with his perception of detail. 


when the rate of intermittence has been 


slowed to about 60° of fusion fre- 
quency for the particular screen area 
being studied. With a_ three-blade 


shutter this means a “‘minimum tolerable 


projection speed” in the neighborhood of 


10 frames sec, with a four-blade shutter, 
in the neighborhood of 7.5, ete. 

having four, 
fitted to the 


Analyst, together with matching  pull- 


Experimental shutters 


five and six blades were 


down cams furnished by Eastman Kodak 


News and Reports 


Society Election and 
Business Meeting 


The ballots were counted in Los Angeles on 
October 16, with the following results re- 
ported to the Membership during the 76th 
Get-Together Luncheon on 

The following will serve for 
two years beginning January 1, 1955. 


Convention 
October 18 


John G. Frayne, President 

Barton Kreuzer, Executive Vice-President 

Norwood L. Editorial Vice- 
President 

Byron Roudabush, Convention Vice-Presi- 
dent 


Simmons, 
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Fig. 6. Diaphragm displaced, allowing 
full illumination for continuous 
projection. 


Co. The five-blade shutter which was 
finally chosen has the advantage of not 
requiring too drastic a pull-down cam, 
while at the same time permitting a 40% 
reduction of projection speed. As a 
result of the shutter alteration, so-called 
flicker-free speed becomes 
9.6 instead of 16, and minimum tolerable 
speed becomes 6 instead of 10, thus some- 


projection 


what narrowing the wide gap between 
continuous and single-frame operation. 
The indexing clutch designed for the 
Analyst makes use of the outer rim of the 
new shutter as a bearing surface for the 
clutch idler shown at “a” in Fig. 3. On 
the right edge of the shutter can be seen 
the conventional half-moon 
which the idler seats itself while the film 
On either side of the recess 
are short ramps which act through the 
clutch arm linkage to open the drive- 
motor circuit just before the idler falls 
The film can be advanced 
one frame at a time in either direction by 
touching a pushbutton which starts the 
small, geared-down motor seen at “c” in 


recess in 


is at rest. 


into place. 


and closes the drive-motor circuit for one 
revolution, the small motor meanwhile 
shutting itself off again by means of a 
cam-actuated limit switch. 

The speed control lever is located on 
the rear of the projector and is just 
visible at the extreme left of Fig. 1. The 
uppermost position of the lever brings the 
clutch idler into contact with the shutter 
rim for single framing, and also connects 
the drive motor with a Lee governor, set 
for about three shutter revolutions per 
second. The second lever position is 
transitional in that the drive motor is 
still connected with the Lee governor, but 
the indexing clutch is no longer opera- 
tive. The third lever position discon- 
nects the governor and cuts in a rheostat, 
making possible a choice of speeds from 
5to0 15. The fourth position cuts out the 
rheostat and lets the projector run at a 
constant speed of 15. 

During single-frame operation, a dia- 
phragm is automatically positioned be- 
tween the condenser and the shutter, 
balancing single-frame illumination with 
the intermittent illumination of the 
running projector as illustrated in Figs. 
5 and 6. This system, suggested by 
Eastman Kodak Co., also increases the 
depth of focus of the projection lens dur- 
ing single framing and thus counteracts 
the tendency of the stopped film to go 
out of focus. An extra blower, shown in 
Figs. 1 and 2, cools the side of the film 
away from the lamp and makes it possible 
to stop on a frame indefinitely. 
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TOP CHOICE — EVERYWHERE! 


THE WESTREX Multi-Channel 


and Single Channel Sound Systems 


FOR THEATRES OUTSIDE U.S.A. AND CANADA...FOR STUDIOS EVERYWHERE 


FOR THE STEREOPHONIC ERA there is a 
new, complete and thoroughly proved Westrex 
line of theatre sound systems for multi-channel 
magnetic (such as CinemaScope), multi-channel 
photographic (such as Perspecta Sound), and 
single channel reproduction (standard photo- 


graphic). When these modern systems are in- 
stalled, adjusted and serviced by Westrex Corpo- 
ration engineers, finest performance and lowest 
overall cost are definitely assured...Write today 
for complete information about the particular 
system in which you are interested. 


RO STEREOPHONIC REPRODUCER 


(Magnetic) 


brines you the Academy 


ward winning hydro fluteer suppressor, 
a tight film loop, and double flywheels. 


THIS INTEGRATOR is essential 
for Perspecta Sound multi- 
channel reproduction from a 
standard photographic sound 
track on which control frequen- 
cies have been superimposed. 


R7 PHOTOGRAPHIC REPRODUCER 


gives unsurpassed reproduction from 


THE WESTREX R9 Stereophonic Repro- 
ducer ( Magnetic) and R7 Photographic 
Reproducer. 


variable area and density prints. Special 
noiseless timing beles are an exclusive 
feature... will not slip or stretch. 


THE WESTREX AMPLIFIER CABI- 
NETS can provide up to four chan- 
nels for either magnetic or photo- 
graphic reproduction. 


THE WESTREX 1502B Siave Loud- 
speaker Assembly was designed for 
larger motion picture theatres. 


THE WESTREX TSOIA Srace Loud- 
_— Assembly fearures the newly 
lesigned Acoustic Lens. 


al FORMERLY 


WESTERN ELECTRIC 


Westrex Corporation 


| RESEARCH, DISTRIBUTION AND SERVICE FOR THE MOTION PICTURE INDUSTRY - EXPORT 


E sue} N CORPORATION 
111 Eighth Avenue; New York 1T,N.Y. 
« Hollywood Division: 6601 Romaine Street, Hollywood 38, Cal 
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Pacific Coast Section 

P. G. Caldwell, Chairman 

E. W. Templin, Secretary-Treasurer 
R. G. Hufford, Manager 

Kar! Freund, Manager 

L.. H. Bowman, Manager 


The Annual Business Meeting of the 
Society on Monday, October 18, dis- 
cussed and approved the proposed increases 
in membership fees to make them as 
follows: 

Fellows and Active Members, $18.00 

Associate Members, $12.00 

Student Members (not changed ), $5.00 
The Board’s considerations leading the 
Resolution for amending the Society’s 
Bylaws were reported in the September 
Journal. 


Education, Films and TV 


As described in the August 1953 Journal, 
the Rochester Institute of Technology 
has for some time been working on plans to 
offer a degree program in its Department of 
Photography. plans have now 
matured and beginning with the fall 
quarter it will be possible for students at 
the Institute to work toward the Bachelor 
of Science degree in photography. The 


I hese 


new plan provides for the well established 
Associate in Applied Science degree pro- 
gram to be the basic educational program 
for the first two or three years of study. 
The BS program is built directly on top of 
the AAS plan and requires one or two 


> 


Full line of corrosion resist 
ant 316" stainless steel 
tanks with leak-proof spigot 
in 10, 15, 20, 25, 50 gation 
capacities 


strength. 


November 1992 OF vives 


Jet Mixer... showing foot switch, 
iish.p. motor and 3-way valve. 
Supplied with plastic lines and 
hard rubber wheels. Sturdy stain- 
less steel dolly frame for extra 


Chemical mixing tower affords 
pump mixing. Feeder tanks in ver- 


tical series saves lab space. 


additional years of study, depending upon 
the student’s major course of study. 


The second annual American Film As- 
sembly, sponsored by the Film Council 
of America, will be held April 4-9, 1955, at 
the Waldorf-Astoria Hotel, New York. 
At the April 1954 Assembly some 360 16mm 
films were exhibited in 26 screening ses- 
sions, and attendance was over 1000. 
Climaxing the three-day affair were the 
Golden Reel Awards presented to the 12 
films receiving the highest score in achieve- 
ment of purpose in their respective cate- 
gories. 

The National Planning Committee of 
the American Film Assembly held regional 
meetings in Hollywood, New York and 
Evanston during the early summer. At 
these meetings and by subsequent cor- 
respondence the rules for the 1955 pro- 
gram were given detailed consideration. 
Now in the last stages of preparation, the 
Regulations and Procedures along with the 
Golden Reel Film Festival entry blanks will 
be in the mail by the end of September. 
They are also available on request from 
American Film Assembly, Film Council of 


America, 600 Davis St., Evanston, IIL. - 


Deadline for entry in the Festival com- 
petition is January 15, 1955. 


Rudy Bretz, Television Program and Pro- 
duction. Consultant, author of several 
articles,*in this Journal and of the book 
Techniques of Production and 
coauthor of The Television Program and of 


Television 


Chemicals, too, can be handled 


TV Scripts for Staging and Study, has been 
named Production Consultant to the Ala- 
bama Educational Television Commission. 
The most progressive state in the union, 
as far as educational television is concerned, 
Alabama has under construction a three- 
station educational television network 
which will cover 90% of the state. The 
majority of this construction is financed by 
State funds, appropriated by the Alabama 
legislature. Mr. Bretz will oversee the 
design and construction of production 
facilities and take an active part in planning 
the programming of the network. Pro- 
gramming is expected to begin within the 
year. 


Book Reviews 


Television -— The Electronics of 
Image Transmission in Color 
and Monochrome - 2d ed. 


By V. K. Zworykin and G. A. Morton 
Published (1954) by John Wiley & Sons, 
440 Fourth Ave., New York, 16 ix + 1037 
pp., 698 illus. 6 9in. Price $17.50. 


The second edition of this book has ex- 
panded as has the subject with which it 
deals. In the fourteen years since the 
first edition, color, improved camera tubes, 
video tape recording, industrial television 
and even community antenna systems have 
come into being and these have been 
treated in this revision. 


economically, efficiently... in Fisher units 


OSCAR 
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“All-Film’...New 16mm, 35mm, 70mm pro- 
cessor replaces huge, expensive operations. 


Compare the route of one batch of your present photo 
chemicals to the operating ease provided by Fisher jet mixer. 
Vortex-free, pump-mixing on the spot. Transport 15, 20 or 
25 gallons in ''316"' stainless steel mobile tank to 
processors, pump liquid out or in without lifting or spilling 
in a fraction of time and labor of clumsy out-moded methods. 
316" stainless steel sinks, tanks, silver recovery units and 
-equipment for all photo lab specifications are described in 
detail in Fisher catalogs. Send for yours now. Advanced Fisher 
éngineered development is founded on years of job-testing for 
the most direct, technical, method requirements of our industry. 


Developing, fixing baths are Jet Sprayed... plus 
famous Fisher No Heat Drying! Top quality all 
stainless steel, continuous processing at 50 feet 
a minute. Unconditionally guaranteed. 


FISHER COMPANY, INC. 


1000 North Division Street Peekskill, N. Y. 
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23% brighter 


CinemaScope pictures 
with Bausch & Lomb 
cylindrical anamorphic 
attachments 


.. than with prism-type attachments ! 


Tests prove it... here are the facts: 


e Higher light transmission (92°%) ... no vignetting 


... for today’s easiest-to-see, surest-to-please pictures on theatre 


or drive-in CinemaScope screen. 


@ Uniform light—every inch of the full wide screen is part of the perfect 


CinemaScope picture your patrons will enjoy. 


e@ Exclusive matched lens design for perfect pairing with B&L f/1.8 


Super Cinephor, world’s fastest projection lenses. 


@ Exclusive complete line, including the only anamorphic lens 


specially made to match 4” projection lenses 


without vignetting. 


Ask your dealer for actual lens-by-lens compari- 
son proof that Bausch & Lomb is your best bet for 
big CinemaScope profits. Bausch & Lomb Optical 
Co., 72235 St. Paul St., Rochester 2, New York. 
(In Canada: General Theatre Supply, Main 
Office, Toronto.) 


FROM GLASS TO FINISHED PRODUCT 


AMERICA’S ONLY COMPLETE OPTICAL SOURCE 
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Fundamental principles remain the same. 
however, and the authors treat 
Part 1 of the book. 
secondary emission, phosphors and electron 
are covered from both the physical 
and mathematical aspects. 

In Part 2 the process of image scanning, 
the practical television system, 
video pickup devices from Nipkow disk to 
electronic velocity modulation, and picture 


know: they were there at the birth! 
Numerous other pickup tubes are treated, 
the Isocon and Vidicon, 
to name a few. 

The kinescope is similarly treated, with 
fabricating details as well as necessary 
engineering data, and a separate treatment 
of the electron gun. Video amplifiers, 
with information on required compensa- 
tions, scanning circuits and synchronization 


these in 


Semiconductors, image-orthicon, 


optcs 


sinews of 


reproduction from the mechanical be- both VHF and UHF television trans- 
ginnings to viewing with storage tubes have mitters, transmitting and receiving an- 
been explained. tennas, and the television receiver with its 


Part 3 treats in detail the important parts 
of the 
Interesting in this treatment is information 
is constructed 
authors 


several kinds of circuits are all also pre- 
sented. 

In Part 4, three full chapters deal with 
television — 168 pages. Starting 
color fundamentals, the earlier 


modern electronic television system 


color 
with 


on just how 


an iconoscope 


and proc essed. These should 


| Photographic 
Greppic Chemicals 


© SAN FRANCISCO 


LOS ANGELES 


Hunt Chemicals for both 
color and black and white motion picture processing 
conform to the photographic specifications 
of the American Standards Association. 


FOR RESEARCH ASSISTANCE WRITE TO: 
THOMAS T. HILL, Director Photographic Research 


FOR TECHNICAL SERVICE WRITE TO: 
CHARLES F. LO BALBO, Motion Picture Technical Advisor 


Established 1909 
PHILIP A. HUNT COMPANY 


PALISADES PARK, N. J. 
* Chicago, lil. 
Los Angeles, Calif. 


Manufacturing Chemists 


Brooklyn, N. Y. + Cambridge, Mass. 
Cleveland, Ohio + Dallas, Tex. + 
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simultaneous and sequential systems are 
described, followed by such matters as 
mixed-highs and a full exposition of the 
present NTSC-evolved now FCC-standard 
color system. The third color chapter 
details color apparatus, from camera tubes 
to receiver screen. 

How television has been applied to 
monitoring industrial processes is quite 
fully treated, including steree@ television. 
Television as an industry, with emphasis on 
television broadcasting station construction 
and operation and notes on networks, 
concludes the book. 

References at the end of each chapter, 
an author index and a subject index 
increase the usefulness of the volume, 
which would seem to be a required refer- 
ence for anyone seriously interested in 
television. Besides the engineer and the 
advanced student, to whom the book has 
been principally addressed, it would appear 
that the executive and the research worker 
would find information of value; the 
former in acquiring well-organized knowl- 
edge on the subject to the depth to which 
he might be able to go and the latter to 
insure that his particular endeavors are 
rightly related to the known art. Patent 
attorneys and agents should find the book 
highly useful.—Harry R. Lubcke, Registered 
Patent Agent, 2443 Creston Way, Holly- 
wood 28, Calif. 


Acoustics 
By Leo L. Beranek. 
McGraw-Hill, 330 W 
i-x + 481 pp. 

ings and graphs. 


Published (1954) by 

. 42 St., New York 36. 

Profusely illus. with draw- 
6X 9in. $9.00. 


Dr. Beranek states that this book is the 
outgrowth of a course he has given to 
seniors and graduate students and the 
introduction proposes a certain order of 
presentation in such a course. It is not 
limited to this purpose, however, for the 
material is covered in a manner useful to 
those engaged in the practice of acoustical 
and allied work. 

In the earlier chapters, concerning fun- 
damental concepts, mathematics is neces- 
sarily used freely. The author strives to 
carry along a concurrent physical explana- 
tion of these phenomena to aid those (as 
this reviewer) who are not adept at mathe- 
matical analysis. Particular stress is laid 
on the use of electro-mechanico-acoustical 
analogies and the concept of acoustic 
components and circuits. Detailed com- 
parisons of the impedance-type and 
mobility-type analogies are given to demon- 
strate the situations where each is most 


useful. 
The instruments of acoustics—micro- 
phones and loudspeakers—are treated 


extensively from the standpoint of design 
as well as of fundamental operation. 
A detailed description of design methods for 
direct radiator loudspeaker enclosures is 
particularly complete. The differing char- 
acteristics of direct radiator and horn-type 
loudspeakers are elucidated and suitable 
applications for each are given. Direc- 
tivity characteristics are emphasized, al- 
though no discussion of acoustic lenses is 
included. 

Those subjects concerned inti- 
mately with application of acoustics to 
human activities are elaborated in the 
final chapters—acoustics of rooms, meas- 


more 
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The advantages of continuous thru-the-lens focusing 
and viewing...even during actual shooting ...are 
well understood and recognized. The important thing 
is that these advantages are available only in the 
Arriflex 16. 


HOW THE MIRROR REFLEX SHUTTER WORKS: 


The Arriflex 16 shutter rotates at a 45° angle between 
the lens axis and film plane. The front of the shutter 
is an optically flat, surface-coated mirror, When in 
‘closed’ position, it reflects the lens image into the op- 
tical system of the finder. In ‘open’ position, the image 
is projected directly onto the film for the exposure. 


In this way, the Arriflex 16 Mirror-Reflex system 
makes all of the light transmitted by the lens available 
to both the finder and the film, intermittently. The 
image viewed is brilliant, uninverted and right-side- 


The ARRIFLEX 16 is the world's 


finest 16mm motion picture camera. 


Write for Complete 
Descriptive Literature 


..- ONLY 16mm Camera with a 
Mirror-Reflex Focusing-Finder 
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up. It is seen, magnified 10 times, through a highly 
corrected, adjustable eyepiece. There is no parallax 
... and no need for special finders. 


OTHER FEATURES INCLUDE: 


Registration Pin for absolute frame registration and 
picture steadiness ¢ Electric Motor Drive for uninter- 
rupted filming without the need to stop and wind a 
spring ¢ Divergent 3-Lens Turret accommodates ex- 
treme wide-angle to 300mm telephoto lenses, simul- 
taneously, without physical or optical interference 
¢ Footage and Frame Counters ¢ Tachometer ¢ Hand- 
Contour Grip ¢ Single Sprocket Sound Film Drive 
¢ Detachable Matte Box-Filter Holder ¢ Detachable 
Neckstrap * Weighs only 7% lbs. including Matte 
Box * Accommodates 400-foot Magazine. 


KLING PHOTO CORP., 235 Fourth Ave., New York 3, N.Y. + 7303 Melrose Ave., Hollywood 46, Calif. 


Reflex shutter 
| 
Eyepiece 
Prism) 
Ground Glass Lens i 
| 
See 
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{ 
203 


urement of sound and control of noise, and 
a discussion of the psycho-acoustic criteria 
which guide the application of acoustic 
control methods to field situations. In 
these chapters, where analysis must often 
be supplemented or guided by empirically 
determined quantities, the treatment is less 
mathematical with many tables and graphs 
to aid computations. 

Throughout the text, illustrative prob- 
lems are proposed and worked out to 
demonstrate the application of the methods 
described \n important feature is the 
inclusion of 22 pages of problems to be 
worked by the reader, covering the ma- 
terial of all 13 chapters The book is 
well printed for easy reading, with clea 
fables of data re- 


tables and figures 


CH 
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a message of interest to: 


Motion Picture Producers, Distributors, Advertising Agencies, 


Sponsors, Film Libraries, TV Film Producers and Distributors . . . 


ALL film should be treated, if you are to get maximum results 
in terms of good projection and number of showings. Without 
treatment, your film—from initial release to the last booking — 
is much more susceptible to damage. And damaged film can 
result in an indifferent audience. 


Peerless Treatment is only one of the services we offer to users 
of film, But we feel it is the most important, because its objec- 
tive is to start prints off right and keep them in good condition 
longer. It is the finishing touch and the least expensive item in 
the whole process of picture-making. Yet it safeguards millions 
of dollars invested in film. When you order prints, don’t forget 
to include “PEERLESS TREATMENT” in your purchase order. 


And, if you have film that has become “hurt” or “tired” — 
scratched, edge-nicked, brittle, warped, or just dirty and oily, 
call on Peerless service to salvage it—not only your prints, but 
also your negatives and originals. 


EERLESS 


FILM PROCESSING CORPORATION 


165 WEST 46th STREET, NEW YORK 36, N. Y. 
959 SEWARD STREET, HOLLYWOOD 38, CALIF. 


quired for computation are included, to- 
gether with a comprehensive index. Some 
references are given, but there has been no 
attempt to make them a complete bibliog- 
raphy. 

This book is an important and welcome 
addition to the literature of acoustics, and 
will prove useful to those interested in the 
acoustical 


application of principles or 


associated techniques. Perhaps this is best 
demonstrated by the fact that this re- 
viewer has found frequent occasion, during 
the short time it has been in his possession, 
to consult its pages in the course of his 
daily work, and has found the answers he 
William B. 
Engineer, 1011 
Monica, Calif. 


sought. Snow, Consulting 


Georgina <Ave., Santa 
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Books Briefly Noted 


Lead Sulphite Films, 19 pp.. is Vol. 4. 
numbered PB 111331, in a series en- 
titled ‘‘Metallic Coatings on Non-Metallic 
Materials,”’ issued by the Office of Tech- 
nical Services, Rm 6227, U.S. Dept. of 
Commerce Bldg., Washington 25, D.C. 
This volume sells for $1.00, was prepared 
by Samuel Wein, Consultant, and is de- 
scribed as follows in the government's re- 
lease: In addition to the various processes, 
discusses applications of lead sulphide films 
in mirrors, electrical resistance elements, 
planographic arts, rectifiers and detectors, 
and light-sensitive cells. 

Silver Films, PB 111236, vol. 1 of the 
series is 138 pp. and sells for $2.00. All 
other volumes sell for $1.00. In addition 
to Lead Sulphide Films noted’above, they are: 
Copper Films, PB 111237; Nickel Films, 
PB 111330; Gold Films, PB 111332; Me- 
chanical Films, PB 111333; Metallic Paints 
for Printed Electronic Circuits and Other 
Uses, PB 111334; Vacuum Coating Methods, 
PB 111335; and Applications of Metal 
Films on Commercial Products, PB 111336. 


Stills of interest and one in depth are 
these three books recently published 
by Morgan & Lester, 101 Park Ave., 
New York 17. 


Graphic Graflex Photography is a new 
version of this well-known book which 
now includes among its contributors: 
Ralph M. Evans, Jeannette Klute, Ralph 
Steiner, Josef A. Schneider, Joseph Costa, 
Don D. Nibbelink, T. T. Holden, Rudolf 
Kingslake and Vernon E. Whitman. 
Although subtitled ‘*The Master Book for 
the Larger Camera,” there is much that is 
applicable for all still photography. In 
6 X 9 in. format, its 432 pp. are profusely 
illustrated, including 16 pp. in color, and it 
sells for $6.00. 

Photography with the Graflex 22, more 
fully explained with the subtitle ‘Better 
Pictures and More Fun With a Twin-Lens 
Reflex Camera,” by John S. Carroll, is a 
slighter book but in the same format as the 
one above. Among the many illustrations 
in its 128 pp. are 9 in color. The book, 
being suited to its aim, naturally contains a 
minimum about the various aspects of 
photography in general. It sells for $3.00. 

Stereo Realist Manual has been written by 
Messrs. Morgan and Lester aided by 14 
stereo experts. They have produced a 
comprehensive coverage of the possibilities 
and procedures for this popular 35mm 
color stereo system. Within the 400 pp. 
are hundreds of stereo pairs, with two 
sections in color, to be viewed or studied 
with the viewer supplied with the book. 
The price is $6.00. 


TV Factbook, now available in the Fall 
Edition, is a semiannual production of 
Television Digest, edited by Martin Codel. 
The current compilation is a book of 
400 pp., available at $4.00 from Tele- 
vision Digest, Wyatt Bldg., Washington 5, 
D.C. Contents of previous editions have 
been listed in this Journal. Its wealth of 
data continues to be amazing in relation to 
television station and network facilities, 
licenses, construction permits, applications, 
discontinued operations, advertising rates, 
industry ownership and personnel. 


| | 


Budget-wise producers all over the world have 
learned it pays to use Cinema Research's free con- 
sultation service when their production is in script 
form. 

Whatever the problem — optical effects, masters, 
animation, optical printing, titles, slides, Koda- 
chrome, Ansco, Eastman Color or Black and White— 
pre production consultation has these advantages: 


1. Optical printing budgets can be figured accu- 
rately in advance. 


2. A thorough understanding and use of the latest 


optical printing techniques can aid in the story 
treatment and development. 


3. It's time and money saving. You know what and 
how to shoot to obtain the specific effect you de- 
sire. Costly and time consuming last-minute re- 
shooting is eliminated. 


This world-wide service offered without obligation 
to American and foreign produces is just another 
reason why Cinema Research has become the in- 
dustry’s largest independent optical printing 
concern. 


Cinema Research Corporation 


7000 ROMAINE, HOLLYWOOD 28, © CALIFORNIA, HOllywood 2-7464 
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What does it cost to produce and distribute 
a motion picture for advertising or public 
relations purposes? The Association of 
National Advertisers, 285 Madison Ave. 
New York, has published a new book, 
**The Dollars and Sense of Business Films,” 
which for the first time provides heretofore 
confidential data on actual production, 
distribution costs and methods for ad- 
vertising and public relations films pro- 
duced by 67 of the nation’s leading com- 
panies. The book sells for $5.00 

Based on a survey of 157 nontheatrical 
films representing a total investment of 
$12,000,000, this 128-page book gives us 
the following information: 

The typical company spends only 4.6 
cents to obtain an average of 26 min of a 
viewer's time to tell the company’s story. 

The cost per viewer can drop to as low 
as 3 mills over the life of the film if a good 
film is made for a broad, general purpose, 
audience. 

The average film has a long useful life 
usually five years, often more. 

When films are in circulation for over 
10 years, the cost-per-viewer may drop to 
as low as } cent. 

It’s possible to produce successful non- 
theatrical films for $25,800, the median 
cost in this study. 

The study shows a film can be expected 
to reach an audience of 276,036 in a year 
although audiences of up to 4,548,000 have 
been booked depending upon the nature 
of the film story and the target audiences. 

Based on the work of the A.N.A. Films 
Steering Committee, under the chairman- 
ship of John Flory of the Eastman Kodak 
Co., the book is the result of more than 
two years’ efforts aimed at putting pertinent 
data in the hands of those people who are 
investigating the possibilities of non- 
theatrical motion pictures as a solution to 
their communications problems. 


Second International 
Symposium on High-Speed 
Photography and 
Cinematography 


The 1st International Symposium on High- 
Speed Photography was held in Washing- 
ton in October 1952 under the auspices of 
the Society of Motion Picture and Tele- 
vision Engineers. 

The 2d Symposium took place in Paris 
from September 22 to 28 under the spon- 
sorship of the Association Francaise des 
Ingénieurs et Techniciehns du Cinéma 
(AFITEC), with the British Kinemato- 
graphic Society, the Deutsche Kinotech- 
nische Gesellschaft and the Samtfundet 
Svenska Film Ingenjérer acting as co- 
sponsors. 

With nearly 200 French members and 
more than 100 visitors from 18 countries, 
the Symposium pointed up the increasing 
interest in photographic methods for the 
investigation of rapid events in the most 
varied branches of science and technology, 
from ballistics to biology, and in such fields 
as metallurgy, mechanical engineering, 


aeronautics, electricity, physics and chem- 
istry. 
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The proceedings comprised 5 lectures 
and 66 papers distributed into 10 half-day 


sessions and devoted to experimental 
methods as well as their applications. 
Thirty equipment exhibits included almost 
all commercially available high-speed 
cameras. 

Before reviewing briefly the various 
technical aspects of the Symposium, two 
general points may be made. 

In the first place, it appears clearly that 
the use of short exposure-times and high 
taking rates is not limited to the study of 
very fast phenomena. The time of ex- 
posure should be such that the resulting 
blur is small compared to the dimension of 
the subject in the direction of motion. It 
should therefore be made smaller not only 
for increasing velocities, but also for de- 
creasing sizes. Thus the study of the 
process of chip formation at the crystal 
level requires exposure-times less than 1 
usec and taking rates of about 40,000 
frames/sec. A 1% blur on 10 micron 
droplets travelling at a velocity of only 1 
m/sec requires an exposure of 0.1 ysec. 
Similarly rates in the range of 1,500 to 
3,000 frames/sec are necessary if the blood 
flow is to be observed and its velocity 
measured, 

The rather obvious fact that microscopic 
observation often can be combined with 
photography is not always familiar to poten- 
tial users and should open new fields of 
application to high-speed techniques. 

In the second place, apart from the 
qualitative results due to the time magnify- 
ing property of motion-picture projection, 
many papers showed the importance of the 
quantitative information derived from 
high-speed photographs and frame se- 
quences. This metrologic aspect provides 
the instrumentation engineer with accurate 
specifications for image definition in time 
and space, and requires the development of 
adequate methods and instruments for 
record evaluation. 


Flash Sources 

Ihe electrical and optical properties of 
electronic flashlamps were reviewed in a 
lecture by Prof. Laporte. A few particular 
aspects of gas discharges were studied by 
W. D. Chesterman (short discharges in 
xenon), Dr. E. Friingel (demountable high- 
pressure tubes and triggering method with 
short delay) and R. Aumont and R. Vodar 
(guided sparks in compressed gases). W. 
D. Chesterman emphasized the difficulties 
of defining flash duration, since exposure 
time is inseparable from the photographic 
operating conditions. Interesting details 
on the definition and measurement of 
spark-gap deionization time were given by 
K. Vollrath. 

A. Stenzel and K. Vollrath have com- 
bined the use of a rotating drum with the 
Cranz and Schardin multiple-spark ar- 
rangement for obtaining a higher number 
of frames, while H. Luy and R. Schade 
make use of surface discharges on an elec- 
trolyte-impregnated ceramic material in 
order to record reflexion pictures on a 
rotating drum. 

Special mention should be made of the 
cathode-ray tube flash generator presented 
by P. Devaux (Laboratoire Central de 
l’Armement). Already used by Courtney- 
Pratt as a light source in connection with 


‘ 


his scanning techniques, the cathode-ray 
tube is now capable of producing flashes of 
1 ysec or less sufficiently intense to obtain 
good transmission images. The high con- 
trol accuracy of the flashes leads to the 
construction of so-called ‘‘cameras with 
internal chronometry”’ of various types, 
particularly cameras with image-switching 
by means of a rotating beam or multiple 
sources. 

Finally the present possibilities of flash 
radiography and high-speed cine radiog- 
raphy were discussed in a paper by G. 
Thomer, who presented a sealed tube with a 
life of 1,000 flashes. 


High-Speed Shutters 


Prof. Karolus studied the various electro- 
optical effects (Kerr, Faraday and Pockels) 
and their application as high-speed shut- 
ters. The lower limit is of the order of 
0.01 ysec for the Kerr effect. 

Various shutters were described by 
Sultanoff, Viard, Walker, Heine-Geldern, 
Fiinfer, and Miiller in their papers on 
ballistic applications. 


High-Speed Cameras 


The time and space resolution of optical 
compensation cameras was discussed by 
R. A. Levy and K. Pfister in their papers 
on image kinematics and a precision spark~- 
gap time-base. R. A. Levy recommends 
the use of flash illumination to minimize 
geometric aberrations. 

J. H. Waddell announced a new Fastax 
3,000 frames/sec camera with rotating- 
prism compensation weighing 9 lb and cost- 
ing less than $1,000. 

W. P. Vinten showed the features of the 
high-definition camera bearing his name 
(300 frames/sec), while W. J. Sexton ex- 
amined a number of cameras used for 
armament and aeronautics research and 
stressed the need for a 16mm camera rated 
at 400-500 frames /sec. 

E. W. Walker described a 500,000 
frames/sec rotating-beam image-switching 
camera, the resolution of which is improved 
by the use of a Kerr-cell high-speed shutter. 
The rotating mirror of this camera is 
driven by a pneumatic motor described 
in a paper by Maj. F. H. Coates. 

It is now well known that the principle of 
image-sampling (or scanning) cameras lies 
in the possibility of recording on one and 
the same photographic plate a number of 
interlaced images consisting of a pattern of 
lines or dots. The applications of this 
principle to macro- and microphotography 
have been studied by Dr. J. S. Courtney- 
Pratt, D. P. C. Thackeray and G. R. R. 
Bray. All cameras described make use of 
the lenticular selector plates made by La 
Reliephotographie, Paris. Some of the 
methods described by Courtney-Pratt and 
Thackeray make use of a cathode-ray tube 
as a light source. These authors generally 
scan the camera objective, while Bray uses a 
focal-plane scanning method. These pa- 
pers show a notable improvement in resolu- 
tion as compared to previous results. The 
scanning methods make it possible to reach 
very high taking rates with simple means. 

The classification of high-speed cameras 
was discussed by P. Naslin. 


Lighting 
The technical characteristics of various 
light sources for high-speed cinemato- 
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FULL COATED 3 CHANNEL RECORDING 


MAGNA-STRIPE® FOR EDITING 


LET SOUNDCRAFT MAGNETIC FILMS 


D° as progressive film producers do. 
Make virtually distortion-free, 
full fidelity sound tracks—fast... 
with Hollywood-accepted, time-proved 
Soundcraft Magnetic Recording Films. 
Soundcraft coated films are made 
with the same superior magnetic coat- 
ing used on Magna-Stripe, the develop- 
ment that won Soundcraft the coveted 
“Oscar” of the Acedemy of Motion 
Picture Arts and Sciences in 1953. 
When you use both Soundcraft full- 
width film for original recording and 
Soundcraft Magna-Striped Film for ed- 
iting and mixing, you are assured of 
maximum fidelity release prints without 


time-consuming, intermediate photo- 
graphic-track processing. 

Both the 35-mm and 17.5-mm Sound- 
craft full-coated stock come with or 
without footage marks. The 35-mm 
stock is also available coated between 
sprocket holes only, where a clear edge 
is desired. Full-coated 16-mm is avail- 
able with either single or double perfo- 
rations. 

For full details on how Soundcraft 
Full Coated and “Oscar’’-winning 
Magna-Striped Films can improve your 
origina! and edited sound tracks, speed 
your work, and open new business 
frontiers, write Dept. 


OPTICAL SOUND RELEASE PRINTS 


 S-mil tri-acetate safety backing. 
2 are extremely compliant for — 
mate head contact. Full-width — 

is Micro-Polished® to remove | 


surface defects, and 
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graphic work were deait with by P. T. 
Cahill, while L. Dawson gave details con- 
cerning the special case of tungsten lighting. 


Sensitive Surfaces 


In a brilliant lecture, Prof. H. J. Frieser 
discussed the properties of sensitive surfaces 
for very short exposures and the various 
aspects of reciprocity failures. He showed 
that the reciprocity law is again valid for 
exposure times in the microsecond range, 
with a reduced sensitivity. He also de- 
scribed the influence of pre- or postsensiti- 
zation under various developing conditions. 

The new Kodak emulsions, particularly 
the Tri-X, were presented by Mr. de St. 
Germain. 


Applications 

J. H. Waddell, F. Van Vyve and Col. 
Marchal presented a number of films 
showing the possibilities of commercially 
available cameras (Fastax, M.G.D. and 
Kodak ) for armament research. 

U. Ericsson and Capt. J. R. Dath have 
made use of spark photography for the 
study of the influence of air density on the 
velocity of a detonation and that of the 
thermal discontinuity surfaces due to the 
interaction of two shockwaves. 

Using the Cranz and Schardin multiple- 
spark arrangement, W. Struth has been 
able to determine armor-penctration forces 
with an accuracy of 10%. 

Detonations have been studied by means 
of Kerr-cell shutters by M. Sultanoff, R. 
von Heine-Geldern, J. Viard, E. Fiinfer 
and W. Miller. Von Heine-Geldern 


showed the possibilities of backlighting by 
means of explosive wires to make visible the 
metal jet of shaped charges amidst the 
luminous detonation products. J. Viard 
makes use of the argon explosive flash- 
lamp (Muraour’s flashes). M. Sultanoff 
and J. Viard complement the information 
supplied by high-speed single exposures by 
space-time recordings on streak-cameras. 

X-Ray flashes have been used by R. 
Schall and G. Thomer for the study of 
shaped charges and by L. Deffet for that of 
mining explosives, in conjunction with 
spark photographs. 

Schlieren methods have been used by H. 
Le Boiteux and E. Curé, also by J. Valensi 
and Guillaume, for visualizing subsonic 
and supersonic flows, by L. Pichon and R. 
Outurquin for studying ram-jet combus- 
tion, and by W. Kraus for analyzing mixing 
and agitating processes. Th. Fromme 
described an achromatic interferometer of 
the greatest interest for the study of tran- 
sient phenomena. 

The photo-elastic study of the behavior of 
materials under dynamic stress was the 
subject of papers by Prof. H. Schardin, 
D. G. Christie, Dr. H. Schwieger and F. 
Zandman. Schardin and Christie make 
use of the Cranz and Schardin multiple- 
spark cinematograph for the study of stress 
and fracture propagation in glass and plas- 
tics, while Schwieger records the bire- 
fringence photo-electrically for analyzing 
the shock of two glass-rods. F. Zandman 
has studied the failure of a notched bar for 
various locations of the notch with respect 
to the loading point. 


FEB. 


NEW & USED EQUIPMENT 
For Motion Picture & TV Film Production 


Weight: 14 Ibs. 
Height: 41” low spread 
75” high spread 


Pan: 360° 
Tilt: 90° 


Smooth, controlled pan & tilt 
enclosed friction head 


external camera tightening knob 
large locking levers 
waxed hardwood legs 


LIST PRICE $135.00 


Heavy Duty Fibre 
Carrying Case, $20.00 
MADE IN U.S.A. 


5 year guarantee 


FLORMAN 


Pre-Cine TRIPOD 


A BRAND NEW MODERN TRIPOD 


two-position telescoping pan handle 


cameras. 


—for all cameras— 

Auricon-Pro ... Maurer... 

Cinevoice .. . Cine Special... 

Filmo ... Bolex ... Eyemo. . . with 
magazine & motor... Arriflex 16... 
Arriflex 35... all still cameras .. . view 


& BABB. 


70 West 45th Street, New York 19, N. Y 
Phone: MUrray Hill 2-2928 . 
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Special mention should be made of the 
reflection schlieren method used by Prof. 
H. Schardin and H. Hansel for studying the 
elastic and nonelastic surface deformations 
in metals subjected to dynamic loads. H. 
Reichenbach makes use of the Cranz and 
Schardin multiple-spark arrangement for 
studying the tearing and bursting of plastic 
sheets. 

Atomization processes have been studied 
by W. Diamant, R. Kling and R. Leboeuf, 
N. Manson and S. K. Banerjea, F. De- 
veauvais and L. A. Sackmann; Diamant 
makes the jet image stationary by means of 
a rotating mirror, while the others make 
use of flash illumination. 

J. H. Waddell, Allain and de St. Ger- 
main showed the possibilities of the Fastax 
and Kodak high-speed cameras for the in- 
vestigation of many industrial . processes, 
while M. Leblanc determined the exposure 
and rate characteristics of a camera for the 
study of machining processes. K. Pfister 
observed chip formation on a lathe and 
coke combustion in a blast furnace, J. 
Galey and J. Stremsdoerfer the distortion 
of an ingot during rolling. 

J. Brillié and J. Bergougnoux presented 
the beautiful film of the Air Liquide Labo- 
ratories on welding processes in argon. 

Finally, stress should be laid on the ses- 
sion devoted to biological and medical 
applications, which opened with a lecture 
by Dr. A. R. Michaelis showing applica- 
tions in anthropology and _ psychology. 
J. H. Waddell presented remarkable color 
films on human vocal chords, ear-drums of 
cats, the heart of a dog and the human 
heart. A remarkable film on the human 
vocal chords, taken at 8,000 frames/sec, 
was also shown by K. Pfister. Dr. Vallan- 
cien compared the use of stroboscopy and 
high-speed motion pictures for the study of 
vocal chords. Prof. Piedeli¢évre and Dr. 
Michon have derived from high-speed 
photographs, radiographs and motion pic- 
tures interesting conclusions as to the be- 
havior of wounds by fire-arms. Finally, 
Dr. D. A. McDonald has developed a 
cinematographic method for measuring the 
velocity of arterial blood flow. 

Interest in such an exchange of informa- 
tion seems to give ample justification for the 
first two symposia on high-speed photog- 
raphy and cinematography being  suc- 
ceeded by others in the future. For this 
purpose, a provisional committee for pro- 
moting the methods of photographic and 
cinematographic observation of transient 
events was set up as an outgrowth of the 
group already formed by the Organizing 
Committee of the 2d Symposium and its 
Foreign Delegates. It was decided that 
Symposia would be held at 2-year intervals 
and that the next three would meet in 
England, Germany and the United States. 

The complete Proceedings of the 2d 
Symposium will be published by the 
AFITEC. They will sell for between 2000 
and 3000 francs, depending on the number 
of orders received. Orders should be 
addressed to: The Organizing Secretary, 
Ing. Ppal P. NASLIN, L. C. A. Fort de 
Montrouge, Arcueil (Seine), France; pay- 
ment on delivery. Each paper will be 
printed in the language chosen by its 
author (French, English or German); the 
summaries and figure captions will be 
printed in all three languages.—P. Naslin. 
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35mm Color Prints from Originals 


* Direct Reversal Blow-Up Prints 
* Blow-Up Color Negatives 


Blow-Up Separation Negatives 


For the past six years our Color Prints have been acclaimed by 
leading producers in the United States as well as in other countries. 


@CANADA @FINLAND @NICARAGUA @ JAPAN 

@MEXICO @JUGOSLAVIA @ECUADOR @ ISRAEL 

@ITALY @ BRAZIL @VENEZUELA @iRAN 

@SPAIN @cHILE @AFRICA @ PHILLIPINES 
@FRANCE @ARGENTINA @INDIA @ BRITISH MALAYA 
@ENGLAND @COLOMBIA @ CHINA @ AUSTRALIA 


LOOK TO FILMEFFECTS FOR QUALITY LEADERSHIP 


-35MM- 


SPECIALIZED 
LABORATORY 
SERVICES 


- 16mm - patie 1153 N. Highland Ave., Hollywood 38, Calif. * HO 9-5808 
OPTICAL EFFECTS: 8 8 sesee COLOR PRINTING MASTERS + TELEVISION FILM SERVICES 
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Proposed Safety Film Regula- 
tions in Western Germany 


Back in the year 1939 Germany prepared a 
police regulation prescribing the exclusive 
use of safety film in theaters. This regula- 
tion was not put into effect due to the out- 
break of the war. Since then nearly all the 
large manufacturers of raw film stock in the 
world have discontinued nitrate base and 
are manufacturing only safety base for 
35mm film. 


Germany is preparing a law which will 


On account of this, Western 


prescribe the exclusive use of safety base and 


which will eventually form the basis of 
material simplifications in the planning 
and construction of motion-picture theaters. 

The law will take effect in three stages. 
Shortly after its publication, which is ex- 
pected during the latter part of 1954, film 
laboratories will be permitted to process 
only safety stock. About three to six 
months after that, the safety stock will have 
to show identification marks in such a way 
and of such kind that proper identification 
is possible even by the layman. There- 
after several years may elapse before the 
final stage is reached toward which the law 
is aiming — that copies on safety stock only 
may be shown in theaters 


THE PROJECTION LIFE OF FILM 
is largely dependent upon currently 
engineered sprockets with clean, burr- 
free teeth. If you use sprockets in the 
equipment you build, whether it is 
cameras, printers, developers, projec- 
tors, or any other motion picture device, 
we would welcome the opportunity of 
working with you on a design to best 
meet your requirements. Motion Picture 
Film Sprockets have been a specialty 
with us since 1908. We can make them 
for any millimeter film size and in any 
material. Catalog upon request. 


LAVEZZI MACHINE WORKS 


4635 W. LAKE ST., CHICAGO 44, ILLINOIS 
Manufacturing for the Motion Picture Industry since 1908 
-SUPER,. 
Ladé yy) 
“Service” 
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An essential element of the new regula- 
tions is the determination of what is con- 
sidered an adequate identification mark 
in the sense of the law, which of course will 
also embody a proper definition of the term 
“safety base.” 

The definition closely follows that given 
in the well-known German Standard DIN 
15551. For practical considerations the 
fixing of a definite nitrogen content is 
omitted as well as the prescription that the 
emulsion coating must be removed for the 
determination of ignition temperature and 
burning time. The reason for this is that 
in the case of many recent kinds of film, 
e.g. color films, the removal of the coating 
is almost impossible. 

All film shall show the mark of the man- 
ufacturer along the edge of the film. In 
addition it will become a legal requirement 
that a special mark must be placed between 
the perforations at least every 250 mm. 
This is similar to the identification mark as 
adopted by the Eastman Kodak Co. In 
“Hazard in the Handling and Storage of 
Nitrate and Safety Motion-Picture Film,” 
the statement is made: “Eastman 35mm 
black-and-white Safety Motion-Picture 
Positive Film now carries a lengthwise 
frame line mark after every fourth perfora- 
tion located exactly between the perfora- 
tions instead of at the extreme edge of the 
film. This is the only area on the film 
which is ordinarily not exposed in print- 
ing.” 

It is to be expected that, after the issue of 
the law, laboratories will be asked by the 
authorities to ensure that exposure of this 
area will be made impossible in printing 
practice. As identification marks are pro- 
posed: the letter S in regular repetition, 
“SS,” ““Nonflamm,” or “Safety,” the single 
letters of which would appear on consecu- 
tive areas between the perforations. Any 
other identification mark that might be 
adopted by some manufacturers to appear 
in the same areas of the film will probably 
require a special permit from the legal 
authorities. 

Special consideration has been given to 
the question of coloring the base by a fluo- 
rescent substance or by another color. The 
use of a fluorescent substance is not favored 
by some manufacturers. Also the German 
authorities do not like it since it requires 
the use of special lamps. A faintly bluish 
coloring seems to be preferable as it will not 
interfere with the color of the print in 
projection and may be easily recognized by 
daylight or artificial light. It is intended 
that the use of such a bluish coloration as 
well as of fluorescent substances will be 
recommended to manufacturers but will 
not be made compulsory. 

The new law is based on the assumption 
that DIN 15551 will shortly be issued in a 
new version which has already been pre- 
pared by the Fachnormenausschuss Kino- 
technik FAKI and is available in draft form 
from Benth-Vertrieb, Berlin W 15, Uhland- 
strabsse 175. 


The above report is contributed by Dr. 
Leo Busch, formerly technical editor of the 
magazine Kinotechnik. Dr. Busch is now 
teaching photography and cinematography 
at the Staatliche Hohere Fachschule fur 
Photographie in Cologne. 
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New Products 


Further information about these items can be 
obtained direct from the addresses given. As in 
the case of technical papers, the Society is not 
responsible for manufacturers’ statements, and 
publication of these items does not constitute 
endorsement of the products or services. 


The Bridgamatic Model R-TV is a new 
rapid, spray-jet 16mm reversal developing 
machine recently announced by S.O.S. 
Cinema Supply Corp., 602 West 52 St., 
New York 19. Originally designed for 
race tracks so that judges could spot fouls a 
few minutes after the end of a race, it is 
now being installed for television stations, 
with news events films reported developed 
and ready for screening within 3 min. It 
operates at about 100 degrees and up to 85 
ft/min. It is water-jacketed throughout 
with immersed tubing to preheat chemicals 
for faster action in the pressurized jet spray 
developer. Elevators have been eliminated 
by use of a patented over-drive to speed 
operation. Only 100 ft of leader is used. 
The drybox is designed to hold only 28 ft 
of film, to be dried in a few seconds after 
leaving the wash by 120° filtered air. The 
machine has a 400-ft magazine to take 
loading spools right from the camera. It is 
designed for automatic daylight operation 
and is installed with 18 sq ft of floor space. 
A method of synchronizing }-inch mag- 
netic tape has been developed by Ranger- 
tone, Inc., to meet the interest in it for 
motion-picture sound recording not only 
for originals but also for safeties especially 
when doing final mixes. 

The special feature of this synchronizing 
method is the use of an additional recording 
head to the right of the usual heads as 
This head makes 
a balanced recording in the center of the 


shown in the illustration. 


tape of a small part of the voltage driving 
the camera motor; then this recording 
serves as a means of holding the tape in 
strict step on playback even though there 
are no sprocket holes. The main feature 
reported: however, is that the full dynamic 


Write for Bulletin No. 245 


95 Madison Ave. 


PHOTOVOLT 


Sound-Track Densitometer 


for measurement of density on sound track of 35mm and 16mm 
motion picture film and for evaluation of sensitometric step-tablets 


Suitable also for general black-and-white and color densitometry 


The instrument is also available with Multiplier Photometer 
Mod. 520-A (additional price $230) for color densi- 
tometry with sharp-cutting narrow-band interference filters 


PHOTOVOLT CORP. 


Price, complete $445 


New York 16, N. Y. 


sound possibilities of the tape are left 
unimpeded to give the best possible re- 
cording. 

This system is available not only on 
Rangertone equipments but also may be 
applied to any professional tape recorder. 
Standard adaptations are reported by 
Rangertone as made on RCA, Ampex, 
Magnecord and Presto recorders. For 
most installations where recording the 
sound is all that is required, installation of 
this head and the associated control circuits 


adds little weight, for no extra boxes or 
Such adaptations cost 
about $300, depending upon the recorder. 
The recorders are shipped to Rangertone, 
Inc., 73 Winthrop St., Newark 4, N.J., 
and are reported to be converted and 
within 48 hr. 

equipments to accomplish 


cords are added. 


reshipped There are 
Rangertone 
transfer points for carrying the good sound 
to either 35mm or 16mm film, and these, 
depending upon the type of recorder, cost 


about $2000. 
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A rotating lens adaptable to 16mm and 
35mm motion-picture and television cam- 
eras for the purpose of reproducing images 
at any angle is being offered by the Camera 
Mart, Inc., 1845 Broadway, New York 23. 
By cranking the handle of the revolving 
housing, a subject or scene may be shown 
revolving slowly or rapidly, clockwise or 
counterclockwise. Or by cranking the 
handle gently back and forth, shipboard 
motion may be suggested, The Rotator Lens 
will fit into the revolving housing of the 
Camart Optical FX Unit for most 16mm 
and some 35 mm cameras and can be used 
with the camera baseplate and double arm 
assembly provided with the complete unit. 
Shown here is a Rotator Lens as used on 
the Mitchell 35mm Standard Camera. 
There are special adapters for TV cameras. 


Magnetic Test Films 


Ten Different 35 mm Types 
Now Available For: 


CinemaScope- squipped 
Theaters and Theater 
Service Engineers 


1. Level Ba.ance Film 
. Multifrequency Reel 


. Loudspeaker Bal- 
ance Reel 


4. Stereophonic Reel 


. Flutter Film 


Loudspeaker 
ing Film 


> 


7. Constant Level Film 


8. Channel-Four Film 
9. Projector Alignment 
Chart 
10. Projector Alignment 
Chart—Optical 
Track 


1000-cycle, 4-track 


40 to 12,000 cycles, 4-track 425 ft.* (MF-1) 
Identical speech and music on 

four tracks progressively in 

this order—-2,1,3,4 300 ft.* (LB-1) 
Picture with stereo sound and 

12,000-cycle control signal 

on track four 330 ft.* (ST-1) 
3000-cycle, 4-track 50 ft. (FL-1) 
Signal of uniform level, 400- 

cycle or 500-cycle fre- 

quency-warbled simultane- 

ously on tracks 1,2,and 3,at 

a 5-cycle rate (specify cross- 

over frequency desired) 50 ft. (LP-1) 
8000-cycle, 4-track to check 

azimuth 50 ft. (AZ-1) 
12,000/1000 cycle 50 ft. (CH-4) 
Picture Only 100 ft. (PR-1) 
Picture only, standard sprocket 

holes (made by Motion 

Picture Research Council) 100 ft. csos 


*These lengths approximate. 


BASIC SET consists of types 1, 2, 7 and 9. This group is a 
“must” for every theater service engineer. 


CATALOG FROM: 
Society of Motion Picture and Television Engineers 
55 West 42d Street, 


New York 36, N. Y. 
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The Emdeco Model CU-236 Cinephoto- 
micrograph Time Lapse Assembly is an- 
nounced by the Electro-Mechanical De- 
velopment Co., 2337 Bissonet, Houston, 
Tex. This equipment was designed for 
the purpose of automatically photo- 
graphing under a microscope any material, 
transparent or opaque, which involves a 
time change in the material. In special 
applications, a temperature-controlled 
chamber or incubator may be used to 
enclose a microscope. For other applica- 
tions, the specimen may be heated or 
cooled while the photography is in prog- 
ress. Bolex, Cine Kodak or Bell & 
Howell standard 16mm cameras may be 
used. The capacity of the camera is 4,000 
pictures with one load (100 ft of 16mm 
film). The unit will automatically photo- 
graph the subject material at uniformly 
spaced predetermined intervals, usually 
at a rate of 16 frames min or less. The 
processed 16mm film is then projected at a 
normal frame speed of 8, 16 or 24 frames / 
sec, showing changes representing hours at 
normal rate in a matter of minutes. 

The camera mount base plate is attached 
at the top of the 5-ft steel stand for positicn- 
ing above the microscope. The camera 
drive mechanism, which advances the film 
one frame per pulse, closes the shutter of the 
camera and turns off the illuminator after 
each exposure, is actuated by the timing 
and control box. This device provides 


selection of 1, 2, 4, 8 and 16 frames/min. 
The complete assembly 
camera, costs $1,133. 


including a Bolex 
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AURICON “SUPER 1200” 


16mm Sound-on-Film Camera! 
NAVY STORY Ted Allan, veteran Hollywood Photographer of the 
Filmed at Destroyer Base Stars, is one of the many professional film producers 
Whose first choice for dependable television filming 
cooperation of the , of the highest quality, is an Auricon 16mm Camera. ; 


United States Navy. 


The “Hank McCune Show,” a comedy series soon 

to be seen by millions over national TV networks, is 

being filmed in natural color with the “Super 1200" 

Camera. Ted Allan says, ‘45,000 feet of film have 

been run through the Auricon Camera without a 
film-scratch or loss of a foot of film!" 

Write for your free copy of the complete Auricon 

Catalog, which includes the “Super 1200 Camera, 

a superb photographic instrument. Sold with a 30 

day money-back guarantee, you must be satisfied! 


FANTASY 


Dream scene from 
“Aladdin and the 
Magic Lamp” story 
in the Hank McCune 
TV Show Series. 


a BERNDT-BACH, INC. 


6946 Romaine Street, Hollywood 38, Calif. 


f . 
>< 27 </ 
i 
che 
" 
4 
od we i 


Theatre Network Television, Inc., 575 
Madison Ave., New York 22, announces 
that it has purchased 50 theater-screen 
television projection units designed and 
manufactured for hotel closed-circuit tele- 
vision by General Precision Laboratory 
Inc. This new equipment will make 
possible simultaneous closed-circuit business 
meetings in as many as 50 hotels located in 
50 different cities from coast to coast, and 
will augment T'NT’s current network of 
over 100 theaters, 

[he equipment, known as model PB 610, 
provides adjustable pictures ranging in 
size from 4 X 6 ft to 9 X 12 ft, giving 
television viewing for audiences number- 
ing anywhere from 50 to 500 or more people. 
In addition, the transaction includes some 
of GPL’s standard theater television pro- 
jection units which will provide pictures 
from 9 X 12 ft to 24 X 36 ft, to be used in 
the largest hotel ballrooms and _ theaters 
accommodating 1000 people or more. 
Installation and service for the new equip- 
ment will be in the hands of the RCA 
Service Co., Inc. 


Society members have for many years 
purchased attractive hand-engrossed 
membership certificates for display in 
their offices or homes. These certifi- 
cates were always priced, at least as far 
back as the records go, at $1.50. This is 
now less than their cost and so it has been 
necessary to increase the price of cer- 
tificates effective October 1, to $2.50. 


Lighting equipment is again covered very 
extensively in the latest catalog, catalog D, 
released by Mole-Richardson Co., 939 N. 
Sycamore Ave., Hollywood 38, Calif. In 
addition to illustrating and describing ex- 
tensively the many items of equipment the 
company manufactures, the catalog con- 
tains numerous photographs showing ac- 
tual use of equipment in interesting setups 
on the sound stages of major motion-picture 
studios, industrial film producers and tele- 
vision film makers. Other sections are 
devoted to useful data on power distribu- 
tion, showing amperage consumption, 
amperage carrying capacity of cables and 
typical three-wire and two-wire distribu- 
tion systems; lighting for color photogra- 
phy; globe characteristics; and illumina- 
tion tables showing light intensity and spot 
diameter for spot lamps and flood lamps. 


Employment Service 


These notices are published for the service of the 
membership and the field. They are inserted for 
three months, at no charge to the member. The 
Society’s address cannot be used for replies. 


Positions Wanted 


Motion Picture Production. Desire position 
as assistant to producer. Background includes 
camera experience, some directing in 35mm 
productions. Age 24. Write: Harry Wuest, 
137 Summit Ave., Upper Montclair, N.J. 


Electronic Engineer. 20 yrs experience in all 
phases of audio; responsible for prominent part 
in development of the Perspecta stereophonic 


Professional Services 


ELLIS W. D’ARCY & ASSOCIATES 
Consulting and Development Engineers 
Xenon-Arc Applications 
Motion-Picture Projection 
Magnetic Recording and Reproduction 

7045 N. Oscecia Ave., Chicago 
Phone: Chicago -Newcastle 1.0993 
Washington--Oliver 2-2340 


PR IONAL MOTION PI 
PRODUCTION EQUIPMENT 


Cameras, Sound Recording, Editing, 
Laboratory and Affiliated Equip. 


Consulting Services by Qualified Engineers 
Domestic and Foreign 
REEVES EQUIPMENT CORP. 
10 E. 52nd St., NYC 
Cable: REEVESQUIP 


LAB-TV 
PROFESSIONAL 
16mm Black and White 
REVERSAL PROCESSING 
Processing on hourly schedules for 
TV Stations and Producers 

‘vite for Circular 


247 W. 46th St., New York 36 


WILLIAM B. SNOW 
Consulting Engineer 
Acoustics——Electronics 
Stereophonic Recording 
1011 Georgina Avenue 
Santa Monica, California 
EXbrook 4-8345 


HIGH-SPEED PHOTOGRAPHY 


Fastax Representative 
Fastax Cameras, Accessories, Film 
Fastax Photographic Service 


Photographic Analysis Company 
100 Rock Hill Rd., Clifton, N. J. 
Phone: Prescott 8-6436 


FILM PRODUCTION EQUIPMENT 
From a single source, equipment for 
Production—Processing 
Recording —Editing 
Domestic and Foreign 
S.0.S. Cinema Supply Corp. 
Dept. TE, 602 W. 52nd St., N.Y.C. 
Cable: SOSOUND 


Professional cards available to members, 12 insertions, 2 x 1 in., $60 
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system; comprehensive experience in technical 
education, classroom, laboratory and the prepa- 
ration of textbooks and technical literature; 
advanced training in economics and industrial 
administration; many responsible posts held. 
British born, came to U.S. July 1953. Active 
member I.E.E., I.R.E., A.E.S., SMPTE. Seeks 
progressive position in West. Write: Norman 
H. Crowhurst, 150-46 18th Ave., Whitestone 57, 
N.Y. 

16mm Motion-Picture Production. Would like 
position with aggressive, responsible firm with 
opportunities for advancement. Have been 
operating own film company majoring in TV 
film commercials but am now liquidating as 
present market holds little future. Has been 
mainly one-man operation: selling, writing, pro- 
ducing, billing and collecting. Have had suc- 
cessful business but area offers no future for ad- 
vancement. Will send audition film. Will 
make permanent move only. Age 28. Write: 
M. R. Young, T-V Commercial Films, 1215 No. 
Copia St., El Paso, Texas. 


Positions Available 


Timers, color and/or black-and-white film re- 
quired by motion-picture laboratory. Super- 
visory experience or ability desired. Send 
resume and small photograph to Du Art Film 
Labs, Inc., 245 West 55 St., New York 19. 


Photographic Equipment Technologist, $5940 
per year. Applicants must have bachelor’s 
degree in technology, engineering or one of the 
physical sciences, plus 3 yr professional experi- 
ence of a scientific or technical nature, including 
2 yr of difficult and important work in the tech- 
nology of photography; or 4 yr experience, de- 
monstrating a mastery of the fundamental physi- 
cal and mathematical sciences underlying 
professional technological work and a theoretical 
and practical understanding of the application 
of those sciences to photography which is com- 
parable to that acquired by completion of a 
standard technological or scientific curriculum 
in an accredited college, may be substituted for 
the required bachelor’s degree. Write: David 
A. Lana, Head, Industrial Relations Dept., Office 
of Naval Research, Special Devices Center, Port 
Washington, N.Y. 

Motion-Picture Laboratory Technician (Sensi- 
tometry), GS-8, $4620 per year. Applicants 
must have at least 44 years experience in all 
phases of motion-picture film processing in 
black-and-white and color. Position requires 
ability to handle quality control in processing 
and to make recommendations for and assist 
in improving the product. Further information 
from MCGCER, Headquarters, Air Materiel 
Command, Wright-Patterson Air Force Base, 
Ohio. 


Photographic Sales Technician. Require 
competent technician with at least two years’ 
college chemistry and phototechnical school 
training or equivalent. Must have thorough 
knowledge of black-and-white, color, studio, 
photofinishing techniques. Must show 
definite interest in sales and willingness to travel. 
Send brief resume, including approximate 
salary requirements, to Gerald G. Wood, 
Ansco, 29 Charles St., Binghamton, N.Y. 


Laboratory Technician with years of experience 
and thorough knowledge of all phases of motion 
picture laboratory work—as assistant to plant 
superintendent. Sensitometric Control Man 
with thorough background and experience—full 
responsibility. Sound Engineer to maintain 
and operate magnetic and optical re-recording 
equipment. Applicants should contact: Her- 
bert R. Pilzer, Circle Film Laboratories, Inc. 
33 West 60th St., New York 23. Tel. Co 5-2180 


35mm Motion Picture Service Man. Openings 
in this country and Europe; experience not re- 
quired if engineering graduate or if experienced 
in similar field. Apply to Army & Air Force 
Motion Picture Service, Engineering Depot, 
Building 207-C, 4300 Goodfellow Blvd., St. 
Louis 20, Mo. 
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Since “Birth of a Nation" was a box office favorite, the 
Bell & Howell 2709 Standard camera has been regarded as 
the number one “inside” camera for the movie industry .. . 
assuring perfect registration so vital in animation and rear 


More Eyemos have been sold and are still in use than 
all other makes of 35mm movie cameras combined! Used 


under water ... in searing jungle heat . . . in severest 
polar cold... and even attached to jets travelling faster than 


process photography. Extreme slow motion has been made 
possible by a B&H exclusive which permits photographing 
up to 200 frames per second. No wonder professionals the 
world over call the famous 2709 “Mr. Inside.” 


the speed of sound, the Bell & Howell Eyemo is unequalled 
for its superb performance and durability. This is why —on 
land, sea and in the air—it’s the Eyemo which has earned 
the enviable reputation of “Mr. Outside” of the movie world. 


---THE MOST WIDELY USED 35MM MOVIE CAMERAS IN THE WORLD! 


Bell ¢ Howell 


PROFESSIONAL EQUIPMENT DEPARTMENT ¢ 7185 McCORMICK ROAD e CHICAGO 45, ILLINOIS 
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Check these other 
byron production facilities 
for quality, speed economy: 

script 

Yart 

Vediting 

Wsound effects 

animation 

recording 

oY location photography 
music library 


sound stage 
“com plete black-and-white y ro n Studios and Laboratory 


laboratory facilities 


V titling 1226 Wisconsin Avenue, N.W., Washington 7, D.C. DU pont 7-1800 


send for the byron 
price list today 


* Reg. U.S. Patent Office 


DISCRIMINATING PRODUCERS EVERYWHERE USE BYRON’S FULL RANGE OF 16MM PRODUCTION SERVICES 
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S Check your color requirements 
are 
| 
| against the industry standard 
if Con 
| qua’ 
* 
color-correct prints 
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Bawech & tomb Optical Cn, 


“mission in Color and Cinema Research Cor. 

by ¥, K. Zveorykin ond G. A, Morton, wood 


' 


Photogrephy; Phetography with the 
The Dollars and Sense of Business Filens. Kling Photo Corp. 
Photography and Cinematogrophy.. + 206 Peerless Film Proca:ying Compe, 

Froposed Safety Film Regulations in Western 


4 


Journals Available and Wanted 


thse ssn pi pen! ond Please write direct to the. pores and 
High-Speed Photography, Volumes 1, 2 and. 3. Witte Jock 
i Fousdaties, Technology 


Hal Magargla, Cooper Lone, 

Write Wchord % Motto, Wemer News ine, 625 Mocison Arey 


: Complite ret of Troteactions, Write Joke Flory, Eostwon Sedat, Mos. 1, 5, 6, 7 und 
343 State Rochester 46, Pavelle Color inc., 533 West 57 New 


Write Verden, 
York 19 


SMPTE Central Suction, Now, 15; Dees Jan. 17, Feb. 21, 78th Semiennwe! Convention of the SMPTE, Oat B-7, 
Mar. 21, May 16; Jeno 18, 1955. year), Lake Piacid Clue, County, MY. 

Acoustical Society of America, Nev. 18-20, Austin, Society of 1953 Convention, Oct. 

Convention of th» SAPTE, Apr. 1722, 19388, 1955, Sheratos-Pioza Hotel, Basten, Mase. 

national conference js Zerith, fwitzeriand, jure 13-22, 

Offers of papemal (utd be eddresied the Chairman of the 

Papers Conmittes {Aj A. Brainerd), 1015 Chesnut Si., mbassader Hotei, Los Angeles 

7. Monvectipte must the Bonds oF fhe Contra! Convention of the SMPTE, Age. 28-Mery 5, 1957, 
between Cet. ond Duc. 31, 1954. Hotel, Weshingiea, B.C, 

Biological Paotographie Amodation, Mueting, Avg. 30- Semlenneo) Convection of the SMPTE, Qa. 1957. 


z 


Sepi. 2, 1955, Wisconsin Hotel, Milwaukwe, Metal York 


Officers The rosters of the Officers of the Society, its Sections Subsections and 
Chapters, and of the Compilttee Thcirnen and Members were published in the April Jowmal. 
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SUSTAINING MEMBERS 


OF THE 


SOCIETY OF MOTION PICTURE AND TELEVISION ENGINEERS 


Alexander Film Co. 

Altec Companies 

Ansco 

C. S$. Ashcraft Mfg. Co. 

Audio Productions, inc. 

The Ballantyne Company 
Bausch & Lomb Optical Co. 
Bell & Howell Company 

Bijou Amusement Company 
Buensod-Stacey, Inc. 
Burnett-Timken Research Laboratory 
Byron, inc. 

CBS. Television 

Century Projector Corporation 
Cineffects, Inc, 


L. Maurice 

Geo. W. Colburn Laboratory, Inc. 
Color Corporation of America 
Consolidated industries 

DeLuxe Laboratories, Inc. 

Du .Art Laboratories, inc. 

E. L. clu Pont de Nemours & Co., Inc. 
Eastman Kodak Company 

Max Factor, inc. 


orp. 
Fordel Films, Inc. 
General Electric Company 


Ampro Corporation 
Askania Reauictor 
General Precision Laboratory Incorporated 


5.8. McAuley Mfg. Co. 
Notional Theatre Supply 
The Strong Electric Company 


W. J. German, inc. 

Guffonti Film Laboratories, inc. 
Hunt's Theatres 

Hurley Screen Company, inc. 
Houston Fearless Corporation 

The Jam Handy Organization, Inc. 
Kolimorgen Optical Corporation 
Lorraine Carbons 

Major Film Laboratories Corporation 
J. A. Maurer, Inc. 

Mecca Film Laboratories, Inc. 


| 


Mitchell Camera Corporation 
Mole-Richardson Co. 

Motiograph, Inc. 

Motion Picture Association of America, 


RKO Radio Pictures, Inc. 
Twentieth Century-Fox Film. Corp. 
Universal Pictures Company, inc. 
Warner Bros. Pictures, inc. 


Motion Picture Printing Equipment Co. 
Movielab Film Laboratories, Inc. 
National Carbon Company 
A Division of Union Carbide and Carbon 
Corporation 


National Cine Equipment, inc. 

Nationai Screen Service Corporation 

National Theaters Amusement Co., Inc. 

Neighborhood Theatre, Inc. 

Neumade Products Corp. 

Northwest Sound Service, Inc. 

Folaroid Corporation 

Producers Service Co. 

Projection Optics Company, Inc. 

Radiant Manufacturing Corporation 

Radio Corporation of America, Engi- . 
neering Products Division ; 

Reid H. Ray Film Industries, Inc. 

Raytone Screen Corp. 

Reeves Sound Studics, Inc. 

$.0.S. Cinema Supply Corp. 

SRT Television Studios 

Shelly Films Limited (Canada) 

The Stancil-Hoffman Corporation 

Technicolor Motion Picture Corporation 

Terrytoons, Inc. 

Titra Film Laboratories, Inc. 

United Amusement Corporation, Limited 

Wenzel Projector Company 

Westinghouse Electric Corporation 

Westrex Corporation 

Wilding Picture Productions, inc. 

Wollensak Optical Company 


Columbia Pictures Corporation 
Loew's Inc. 
Paramount Pictures Corporation : 
Republic Pictures Corp. 
ni General Precision Equipment Corp. 
The Hertner Ele-tric Company 
International Projector Corporation 
ij 
‘ 
: 


